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“If all the beasts were gone, man would die from great loneliness of spirit. For whatever happens 

to the beast, also happens to the man. All things are connected.”  

Chief Seattle  

 

 

 

 

 

“The greatest danger to our future is apathy.”  

Jane Goodall  
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Abstrakt 

Dobře vyvinutý komunikační systém může být zvláště důležitý u sociálně žijících druhů 

živočichů a umožňovat vytvoření větší sítě sociálních vazeb. Savci často používají akustické a 

olfaktorické signály k získávání informací o ostatních příslušnících svého druhu. Vokalizační 

signály jsou většinou namířeny ke konkrétnímu jedinci/jedincům a mohou být použity na delší 

vzdálenost, kdežto olfaktorické signály se šíří pomalu, ale mohou přetrvávat v prostředí po delší 

dobu. Nosorožci mají výborný sluch a čich, ale pouze slabší zrak. Pro jejich komunikaci jsou 

tedy velmi důležité hlasové a olfaktorické signály, ale komunikace nosorožců byla donedávna 

studována jen velmi málo a experimentální studie z volné přírody úplně chyběly.  

Tato studie jako první popisuje informace zakódované v hlasech nosorožců a schopnost 

volně žijících nosorožců rozlišovat informace z hlasových a olfaktorických signálů. Nosorožci 

tuponosí (Ceratotherium simum) a kriticky ohrožení nosorožci Cottonovi (C. cottoni) mají 

nejvíce vyvinutý sociální systém ze všech druhů nosorožců, používají kontaktní hlasy a 

vyprazdňují se na společných hnojištích. Oba druhy se v zajetí velmi špatně rozmnožují a 

znalost jejich komunikace může najít významné využití v jejich ochraně a managementu.  

Prvním cílem této práce bylo analyzovat kontaktní hlasy nosorožců tuponosých a 

Cottonových a zjistit, jaké obsahují informace. Analýzy ukázaly, že hlasy umožňují určit 

identitu vokalizujícího jedince a že na základě výpočtu informační kapacity obsahují u obou 

druhů dostatek informací pro rozlišení přibližně devíti jedinců. Kontaktní hlasy je také možné 

s vysokou pravděpodobností přiřadit ke správnému druhu. Nosorožci Cottonovi mají delší hlasy 

a liší se od nosorožců tuponosých také v některých frekvenčních parametrech. Hlasy nosorožců 

tuponosých se také liší v závislosti na pohlaví, věku zvířete a sociální situaci.  

Dále byly provedeny playbackové a olfaktorické experimenty, abychom zjistili, jaké 

informace dokáží nosorožci ze svých hlasů a z trusu rozpoznat. Volně žijící teritoriální samci 
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nosorožce tuponosého rozlišovali mezi kontaktními hlasy dospělých samců a samic svého 

druhu a reagovali výrazně intenzivněji na hlasy samic, což naznačuje, že kontaktní hlasy jsou 

významnější pro komunikaci mezi samcem a samicí než mezi dvěma teritoriálními samci. 

Samci také rozlišovali mezi hlasy obou pohlaví nosorožců Cottonových a reagovali intenzivněji 

na hlasy samců nosorožce Cottonova než tuponosého, což mohlo být způsobeno efektem 

novosti, jelikož jsou oba druhy allopatrické a rozlišování mezi nimi tedy nemůže být způsobeno 

učením. Experimenty s trusem ukázaly, že volně žijící nosorožci tuponosí dokáží rozpoznat 

informace o familiaritě a pohlaví ostatních příslušníků svého druhu pouze na základě pachu 

jejich trusu. Nosorožci čichali více než dvakrát déle k trusu neznámých než familiárních 

jedinců. Ostražitost v reakci na trus samců nastávala rychleji při čichání k trusu familiárních 

než neznámých samců a ostražitost v reakci na trus samic nastávala naopak rychleji při čichání 

k trusu neznámých než familiárních samic. 

Výsledky této studie ukazují, že kontaktní hlasy nosorožců tuponosých a Cottonových 

obsahují mnoho informací o vokalizujícím jedinci a že nosorožci tuponosí používají kontaktní 

hlasy a trus k zjišťování informací o ostatních. Tyto signály tedy hrají významnou roli 

v sociálním chování nosorožců. Intenzivní reakce zvířat na playbacky kontaktních hlasů a 

vzorky trusu naznačují, že tyto signály stimulují jejich sociální a teritoriální chování. Aplikace 

vokálních a olfaktorických podnětů by tedy mohla najít významné využití v ochraně a 

managementu nosorožců a zvýšit šanci na jejich reprodukci v zajetí.   

 

 

Klíčová slova: nosorožec tuponosý, nosorožec Cottonův, Ceratotherium simum, Ceratotherium 

cottoni, sociální chování, vokální komunikace, kontaktní hlas, olfaktorická komunikace 
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Abstract 

Well-developed communication system can be particularly important in socially living species 

and allow for an establishment of a large network of social relationships. Mammals often use 

vocal and olfactory signals to obtain information about conspecifics. Vocalizations are mostly 

directed to concrete individual/s and can be used for communication over a long distance while 

olfactory signals are transmitted slowly, but can remain in the environment for a long time. 

Rhinos have an excellent sense of hearing and smelling, but their eyesight is poor. Vocal and 

olfactory signals are therefore very important in their social behaviour, but communication in 

rhinos has only been studied to a limited extent until recently and experimental studies from the 

wild have been missing. 

This study describes for the first time the information encoded in the calls of rhinos and 

the ability of wild rhinos to recognize information from the vocal and olfactory signals. The 

southern (Ceratotherium simum) and critically endangered northern (C. cottoni) white rhinos 

have the most developed social system out of all the rhinoceros species, use contact pant calls 

and defecate at common dungheaps. Both species reproduce poorly in captivity and better 

knowledge of their communication could be very useful in their management and conservation.    

The first aim of this study was to analyse contact calls of the southern and northern 

white rhinos to determine what information they encode. Discriminant function analyses 

revealed that contact calls allow for the identification of individual identity and the calculation 

of information capacity in calls showed that they contain sufficient information for the 

recognition of nine individuals in both species. Pant calls can also be assigned with a high 

probability to a correct species. The northern white rhinos have longer calls and also differ from 

the southern species in several frequency parameters of their calls. The calls of the southern 

white rhinos also vary according to the sex, age-class and social situation of the caller.  
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 Playback experiments and manipulations with dung were conducted to determine if 

rhinos are able to discriminate the information about other animals from their contact pant calls 

and dung. Wild territorial southern white rhinoceros bulls discriminated between the calls of 

adult male and female conspecifics and reacted significantly more intensively to the calls of 

females, which suggests that contact calls are more important for the communication between 

a male and a female than between two territorial males. Bulls also discriminated between the 

calls of both sexes of northern white rhinos and reacted more intensively to the calls of northern 

than southern males. This could be caused by a novelty effect as both species are allopatric and 

discrimination between them therefore cannot result from learning. Experiments with dung 

showed that wild southern white rhinos are able to discriminate familiarity and sex of 

conspecifics based only on the smell of their dung. The rhinos sniffed the dung of unfamiliar 

animals more than twice as long as the dung of familiar rhinos. The latency of vigilance posture 

was shorter in reaction to the dung of familiar than unfamiliar males and longer in reaction to 

the dung of familiar than unfamiliar females.  

 This study shows that the contact calls of southern and northern white rhinos encode a 

lot of information about a vocalizing animal and that the southern white rhinos use the 

information encoded in contact calls and dung to assess other individuals. These signals 

therefore play an important role in the social behaviour of rhinos. The intensive reactions of the 

animals to the playbacks and to the dung samples show that they stimulate their social and 

territorial behaviour. Manipulation of vocal and olfactory signals could therefore be used in the 

management and conservation of rhinos and improve the chance for their reproduction in 

captivity.       

 

 

Keywords: southern white rhinoceros, northern white rhinoceros, Nile rhinoceros, 

Ceratotherium simum, Ceratotherium cottoni, social behaviour, vocal communication, contact 

call, olfactory communication 
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Úvod 
 

Všech šest druhů nosorožců je do nějaké míry ohroženo působením člověka kvůli pytláctví, 

ztrátě habitatu, lovu nebo civilním nepokojům (Hutchins a Kreger 2006). Čtyři z těchto druhů 

jsou v současné době klasifikovány jako kriticky ohrožené a dva z poddruhů, západní poddruh 

nosorožce dvourohého (Diceros bicornis longipes) a vietnamský poddruh nosorožce jávského 

(Rhinoceros sondaicus annamiticus), byly v tomto desetiletí vyhubeny (The IUCN Red List of 

Threatened Species 2014). Nosorožec tuponosý (Ceratotherium simum) a Cottonův 

(Ceratotherium cottoni) jsou blízce příbuzné sesterské druhy, které se oddělily před asi jedním 

milionem let (Groves et al. 2010). Nosorožec Cottonův byl dříve označován jako severní 

poddruh nosorožce tuponosého (Robovský et al. 2010), nicméně nedávno publikovaná revize 

tohoto taxonu doporučila jeho povýšení na samostatný druh na základě morfologických a 

genetických rozdílů mezi oběma formami (Groves et al. 2010). 

Přirozený areál výskytu nosorožce tuponosého je jižní Afrika na jih od řeky Zambezi 

(Rookmaaker a Antoine 2012). Na přelomu 19. a 20. století byl ale tento druh na pokraji 

vyhubení kvůli střílení lovci, kdy přežívalo pouze kolem 20–50 zvířat v Jihoafrické republice 

(Emslie a Brooks 2002) v oblasti kolem řeky Umfolozi, která byla velmi špatně dostupná a 

zamořená mouchami tse-tse. V roce 1897 byla tato oblast vyhlášena přírodní rezervací a 

nosorožce tuponosého se podařilo zachránit. V roce 1953 už bylo v Umfolozi Game Reserve 

při leteckém sčítání napočítáno 437 zvířat a jejich počty dále stoupaly. Následně byl vyvinut 

program „Operace nosorožec“ a mezi lety 1961–1972 bylo převezeno za využití sedace více 

než 1 100 nosorožců do původních míst výskytu a do zoologických zahrad (Player 1972). 

V roce 2001 už jejich počty v Africe překročily hranici 11 000 jedinců (Emslie 2008) a nyní 

dosahují 20 424 zvířat, z nichž 93% žije v Jihoafrické republice (Knight 2013). Dnes je 

nosorožec tuponosý nejpočetnějším druhem nosorožce, ale jeho populace je v poslední době 

ohrožována pytláctvím, které se soustředí hlavně do Jihoafrické republiky. Hlavními důvody 

pro pytláctví jsou použití nosorožčího rohu v tradiční čínské medicíně k léčbě nemocí 

spojených s vysokými horečkami, k léčbě otrav, epilepsie nebo jako posilující tonikum (Nowell 

et al. 1992). Hlavně dříve se také používal v zemích Středního Východu k výrobě tradičních 

dýk zvaných jambiya (Emslie a Brooks 1999). Nosorožčí roh se skládá z velkého množství 

těsně spojených filament a jeho pevná struktura je dána orientací buněk korneocytů, které 

vznikají podobným procesem keratinizace jako při vývoji a růstu lidských nehtů (Boy et al. 

2015). Pytláctví začalo od roku 2008 silně stoupat a jen za poslední tři roky v letech 2012–2014 
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bylo v Africe zabito více jak 3 000 nosorožců (Knight 2014; Department of Environmental 

Affairs 2015). Obchod s nosorožčími rohy se v poslední době soustředí především do 

Vietnamu, kde bývá roh používán jako přípravek k léčbě rakoviny a zároveň i jako ukázka 

statusu bohatství a významného postavení (Milliken a Shaw 2012).  

Situace nosorožců Cottonových je velmi odlišná. Na přelomu 19. a 20. století, kdy byli 

nosorožci tuponosí na pokraji vyhubení (Emslie a Brooks 2002), se nosorožci Cottonovi 

vyskytovali ještě v poměrně velkém počtu ve střední Africe v Demokratické republice Kongo, 

Ugandě, Súdánu, Čadu a Středoafrické republice (Smith a Smith 1993). Ačkoliv jejich počty 

dosahovaly v roce 1964 kolem 2 800 zvířat (Schomber 1966), velká míra pytláctví způsobila, 

že v roce 1984 se už ve volné přírodě vyskytovali pouze v Národním Parku Garamba v 

Demokratické republice Kongo v počtu 15 zvířat. V tomto roce byl spuštěn „Projekt 

Garamba“ na záchranu nosorožců a do roku 2006 se v parku narodilo 50 mláďat (Hillman-

Smith 2006). Přestože válka v jižním Súdánu od roku 1991 výrazně ovlivnila Garambu kvůli 

nájezdům ozbrojených běženců, mezi lety 1993–2003 se stále dařilo udržet tamější populaci 

nosorožců na počtu kolem 30 zvířat. Od roku 2003 ale došlo k výraznému nárůstu pytláctví 

(Hillman-Smith a Ndey 2005), poslední čtyři nosorožci byli pozorováni v roce 2006 a od roku 

2007 už po nich nebyly nalezeny žádné stopy. Druh byl tedy ve volné přírodě s největší 

pravděpodobností vyhuben, nicméně stále ještě přežívá velmi malá populace v zajetí (Emslie 

2011). 

Pouze 26 nosorožců Cottonových bylo dosud chováno v zoologických zahradách, z toho 

jich 22 pocházelo z odchytu z volné přírody v letech 1950–1975. Nejvýznamnější chovné stádo 

bylo vytvořeno v zoo Dvůr Králové a jeho základ tvořili dva samci (Saút a Súdán) a čtyři samice 

(Nesárí, Núrí, Nádí a Nola) odchycení v roce 1975 Ing. Josefem Vágnerem v Súdánu a v roce 

1977 k nim byla připojena samice Nasima ze zoo Prescot, která pocházela z odchytu v Ugandě 

(Vágner 1980; Mercado 2004). Zoo Dvůr Králové se jako jediné na světě podařilo nosorožce 

Cottonovi rozmnožit a v letech 1980, 1983, 1989 a 2000 se tu narodila čtyři mláďata (Obr. 1). 

Další samička, která se tu narodila v roce 1977, byla jediným kdy známým křížencem nosorožce 

tuponosého a Cottonova (Mercado 2004). Od roku 2000 se ale reprodukce nosorožců 

Cottonových nedařila a v roce 2009 byla tehdy už poslední čtyři zvířata na světě potenciálně 

schopná přirozené reprodukce přesunuta z Dvora Králové do rezervace Ol Pejeta v Keni, kde 

se jejich rozmnožení bohužel dosud nepodařilo. V současné době už žijí pouze dvě samice a 

jeden samec v rezervaci Ol Pejeta a dvě samice v zoo Dvůr Králové a v safari parku v San 

Diegu. Žádné z těchto zvířat již ale není schopno přirozené reprodukce a šance na záchranu 
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nosorožce Cottonova tedy leží v technikách umělého oplodnění, embryotransferu a metodách 

genetického inženýrství (Zoo Dvůr Králové 2015). 

 

 

 
Obr. 1: Nosorožci Cottonovi v Zoo Dvůr Králové v roce 2009. Samec Suni (vzadu; *1980, 
†2014) a samičky Nesárí (*1972, †2011) a Nájin (vepředu; *1989, dnes v Ol Pejeta 
Conservancy v Keni). (Všechny fotky: autor: Ivana Cinková) 
 

 

Nosorožci tuponosí i Cottonovi se v zajetí velmi špatně rozmnožují (Hermes et al. 2005, 

2006; Swaisgood et al. 2006) a důvody stále nejsou známy. Populace nosorožců tuponosých 

v evropských zoologických zahradách v letech 2001–2004 čítala 240 zvířat a z nich se pouze 

26% jedinců v reprodukčním věku za svůj život alespoň jednou rozmnožilo (Reid et al. 2012). 

Pokud se tento problém brzy nevyřeší, bude k udržení jejich populace v zajetí nutný import 

dalších zvířat z volné přírody, což by bylo z hlediska jejich ochrany kontraproduktivní. U zvířat 

ze zakladatelské F0 populace byla zjištěna úspěšnější reprodukce než u F1 generace narozené 

v zajetí (Swaisgood et al. 2006). Samice nosorožců tuponosých i Cottonových často trpí 

reprodukčními patologiemi způsobenými dlouhým obdobím bez březosti (Hermes et al. 2006) 

a také samci často trpí sníženou fertilitou (Hermes et al. 2005). Jako jedna z možných příčin 

nízké reprodukce byl uveden vyšší obsah fytoestrogenů v potravě v zajetí, které by mohly 
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aktivovat estrogenové receptory samic. Hlavně dlouhodobé vystavení fytoestrogenům během 

všech fází života, ale především během vývoje plodu by tak mohlo způsobit částečnou až 

trvalou neplodnost. Nicméně pro potvrzení nebo vyvrácení této hypotézy a pro pochopení vlivu 

potravy s vyšším obsahem fytoestrogenů na reprodukční zdraví samic je zapotřebí dalšího 

výzkumu (Tubbs et al. 2012).  

Významný vliv na reprodukci nosorožců tuponosých a Cottonových může mít změna 

jejich sociálního chování v zajetí a nedostatek sociálních podnětů (Lindemann 1982; Meister 

1997; Kuneš a Bičík 2001-2002; Swaisgood et al. 2006; Metrione et al. 2007; Cinková a Bičík 

2013). Oba druhy mají nejvíce rozvinutý sociální systém ze všech nosorožců (Goddard 1967; 

Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984; Penny 1987). Dospělí samci jsou 

teritoriální a samice, mláďata a mladá zvířata žijí ve skupinkách v překrývajících se 

domovských okrscích (Owen-Smith 1973, 1975; van Gyseghem 1984). Nejčastější jsou 

skupinky po 2–3 zvířatech, nicméně i společenství až šesti zvířat nejsou nijak vzácná (Obr. 2). 

Domovský okrsek dospělé samice může zahrnovat až 6–7 teritorií samců, většina samic však 

tráví v období dešťů více než polovinu času v jednom nebo dvou sousedních teritoriích (Owen-

Smith 1973, 1975). Dříve byli nosorožci v zoologických zahradách chováni pouze v párech, ale 

taková zvířata se nerozmnožovala skoro vůbec a větší úspěch v rozmnožování měli instituce 

chovající více než jednoho samce a více než jednu samici (Lindemann 1982). Samice narozené 

v F1 generaci se také rozmnožují častěji, pokud je ve stádě přítomna starší samice původem 

z volné přírody (Swaisgood et al. 2006) a složení skupiny samic v závislosti na jejich věku a 

původu také může výrazně ovlivnit sociální chování zvířat (Cinková and Bičík 2013). 

V zoologických zahradách také dochází mezi zvířaty zvláště během krmení k výrazně častějším 

projevům agonistického chování a následně ke zvýšené sekreci stresových hormonů, což by 

mohlo mít vliv i na jejich reprodukci (Meister 1997; Schmidt a Sachser 1997). Také bylo 

zjištěno, že samice, které spolu vyrůstaly od mala, mají nižní hodnoty stresových hormonů 

(Metrione a Harder 2011).  

Obr. 2: Setkání dvou skupin nosorožců tuponosých. 
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Behaviorální výzkum a znalost komunikace jsou velmi významné v ochraně a 

managementu živočichů a mohou pomoci nalézt a vyřešit problémy s jejich rozmnožováním 

v zajetí (Lindburg a Fitch-Snyder 1994; Fisher et al. 2003; Swaisgood et al. 2003; Campbell-

Palmer a Rosell 2011). Behaviorální výzkum s důrazem na studium komunikace například 

významně napomohl v záchranném programu na rozmnožování pandy velké (Swaisgood et al. 

2000; Swaisgood et al. 2003). Znalost chování nosorožců je proto klíčovým komponentem pro 

vývoj optimálního managementu jejich chovu v zoologických zahradách i přírodních 

rezervacích (Hutchins a Kreger 2006). Nosorožci mají výborný sluch a čich, ale jejich zrak je 

slabší a vokální a olfaktorické signály jsou proto velmi důležité pro jejich komunikaci (Penny 

1987). Jelikož mají nosorožci tuponosí a Cottonovi nejvíce rozvinuté sociální chování ze všech 

druhů nosorožců (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984; 

Penny 1987), dobře vyvinutý komunikační systém může být pro ně zvláště důležitý a schopnost 

rozpoznávání informací ze signálů ostatních jedinců může umožnit vytvoření větší sítě 

sociálních vztahů.  

Nosorožci tuponosí a Cottonovi jako jediní z nosorožců používají kontaktní hlas sípání 

(angl. pant), který se skládá ze série nádechů a výdechů a zvířata ho používají nejčastěji, když 

dojde k setkání jedinců z různých skupin, kteří se zdraví, když jedinec přistupuje blíže ke své 

skupině nebo když se zvířata z jedné skupinky navzájem ztratí a poté se volají (Owen-Smith 

1973; Policht et al. 2008). Oba druhy se také vyprazdňují na společných hnojištích a samci si 

značí své teritorium močí a trusem (Owen-Smith 1973; van Gyseghem 1984). Například 

výměna trusu nosorožců mezi zoologickými zahradami byla už dříve navržena jako možnost 

stimulace jejich teritoriálního a reprodukčního chování (Fouraker a Wagener 1996). 

Komunikace nosorožců byla ale donedávna probádána jen velmi málo, experimentální studie 

chyběly a nevědělo se, jaké informace si zvířata prostřednictvím vokálních a olfaktorických 

signálů předávají.  
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Cíle dizertační práce 
 

Zjistit, jestli kontaktní hlasy nosorožců tuponosých a Cottonových umožňují identifikovat 

vokalizujícího jedince a zda se liší mezi oběma druhy, mezi pohlavími, věkovými třídami 

a kontextem 

Hlasy mnoha savců obsahují informace o identitě, morfologii, fyziologii nebo chování 

vokalizujícího jedince (např. Fichtel et al. 2001; Darden et al. 2003; Rendall et al. 2004; 

Charlton et al. 2007, 2009a, 2009b, 2010a; Proops et al. 2009; Schneiderová a Policht 2010; 

Tallet et al. 2013). U žádného z šesti druhů nosorožců nebylo ale dosud zjištěno, jaké informace 

si jedinci prostřednictvím vokalizace mohou sdělovat. Kontaktní hlasy živočichů bývají 

používány hlavně k zachování soudržnosti skupiny a k oznámení identity jedince (Kondo a 

Watanabe 2009). Je tedy pravděpodobné, že i kontaktní hlasy nosorožců tuponosých a 

Cottonových by mohly obsahovat informace o vokalizujícím jedinci. Jelikož se oba druhy 

oddělily před asi jedním miliónem let (Groves et al. 2010) a přirozeně se vyskytují v odlišných 

typech habitatu (Hillman-Smith 1982, 1987; Pienaar et al. 1992, 1993), je možné, že se 

charakteristiky hlasů budou mezi oběma druhy lišit.  

 

Testovat, jestli volně žijící nosorožci tuponosí reagují rozdílně na playbacky kontaktních 

hlasů obou druhů, zda rozpoznají pohlaví vokalizujícího jedince a jestli jsou jejich reakce 

rozdílné v závislosti na sociálním kontextu během playbacku 

Studiu schopnosti rozlišování různých informací z hlasů jedinců stejného druhu byla dosud u 

volně žijících kopytníků věnována jen velmi malá pozornost. Pokud se kontaktní hlasy 

nosorožců tuponosých a Cottonových liší mezi pohlavími a druhy, je třeba podniknout 

experimentální studii a zjistit, zda nosorožci dokáží tyto informace v hlasech opravdu rozpoznat 

a jestli jsou tyto hlasy důležité v jejich sociálním chování. Jelikož přirozená oblast výskytu 

nosorožce tuponosého zahrnuje jižní Afriku a nosorožce Cottonova střední Afriku, jejich areály 

výskytu se nepřekrývají a jsou od sebe vzdáleny více jak 2 000 km2 (Hillman-Smith et al. 1986). 

Bylo by tedy velmi zajímavé zjistit, jestli nosorožci dokáží případné rozdíly v hlasech obou 

druhů rozpoznat a zda preferují signály vlastního druhu.   
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Zjistit, zda volně žijící nosorožci tuponosí rozpoznají signály o familiaritě a pohlaví 

jedinců pouze na základě pachu trusu 

Pro nosorožce je kromě vokální komunikace velmi důležitá i ta olfaktorická (Goddard 1967; 

Owen-Smith 1973; Laurie 1982; Penny 1987). Nedávná experimentální studie nosorožců 

dvourohých dočasně držených v zajetí ukázala, že dokáží rozpoznat signály o věku, pohlaví a 

identitě jedince z jeho trusu (Linklater et al. 2013). Studie olfaktorické komunikace nosorožců 

tuponosých byly ale dosud pouze popisné (Owen-Smith 1973) a u žádného druhu nosorožce 

nebyla olfaktorická komunikace experimentálně zkoumána ve volné přírodě. Proto bylo mým 

cílem podniknout experimentální studii a zjistit, zda volně žijící nosorožci tuponosí rozpoznají 

na základě pachu trusu familiaritu a pohlaví jedince. Lepší znalost vokální a olfaktorické 

komunikace nosorožců by mohla najít významné využití v managementu a ochraně nosorožců 

v zoologických zahradách i v afrických rezervacích. 

 

 

 

Materiál a metodika 
 

Podrobný popis metodiky je uveden v jednotlivých příspěvcích, tato kapitola představuje pouze 

souhrn a obecný popis použité metodiky.  

Vokalizaci nosorožců tuponosých a Cottonových jsem nahrávala v zoologických 

zahradách ve Dvoře Králové, Salzburgu, Zlíně a Bratislavě v letech 2009–2014. Hlasy 

nosorožců tuponosých jsem dále nahrávala a experimenty s playbacky prováděla v rezervacích 

v Jihoafrické republice: Welgevonden Game Reserve, Lapalala Wilderness (obě provincie 

Limpopo), Mthethomusha Nature Reserve (provincie Mpumalanga) a Lichtenburg biodiversity 

conservation centre (provincie North-West) v letech 2011–2012. Olfaktorickou komunikaci 

nosorožců tuponosých jsem studovala v roce 2012 v rezervacích Welgevonden Game Reserve 

a Lapalala Wilderness.   

Hlasy nosorožců byly nahrávány na směrový mikrofon Sennheiser (ME 67 s napájecím 

modulem K6, frekvenční odpověď: 40–20 000 Hz ± 2.5 db) vybavený větrnou ochranou Rycote 

Softie (Obr. 3) a na digitální rekordéry Yamaha Pocketrak C24 a Marantz PMD 671. Hlasy 

byly analyzovány pomocí programů Avisoft SAS Lab Pro 5.2.07 (Avisoft Bioacoustics, R. 

Specht, Berlín) a LMA 2008 (laskavě poskytnutý Kurtem Hammerschmidtem). Playbackové 

experimenty s kontaktními hlasy jsem prováděla pomocí digitálního přehrávače Barrel a na 
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míru sestaveného reproduktoru (výkon: 50W, frekvenční odpověď: 48–20 000 Hz ± 3 db) 

připojeného k zesilovači (laskavě sestavené Dr. Pavlem Krchňákem a Martinem Deutschlem, 

Katedra biofyziky, Univerzita Palackého). Playbacky byly pouštěny s maximální amplitudou 

na úrovni akustického tlaku 85–97 dB (měřeno 1 m před reproduktorem) v závislosti na 

vzdálenosti zvířat od reproduktoru (15–40 m) a jejich hlasitost odpovídala přirozeně 

vokalizujícímu nosorožci. Reakce nosorožců na playbackové i olfaktorické experimenty jsem 

nahrávala na videokameru (Canon Legria HF M31) a později analyzovala pomocí programu 

Activities 2.1 (Vrba a Donát 1993).   

 Kontaktní hlasy nosorožců byly analyzovány s využitím klasické a permutované 

diskriminační analýzy, generalizovaných lineárních modelů, Mann-Whitneyho U testu a 

výpočtu informační kapacity hlasu v bitech (angl. signature information capacity) (Příspěvek 

I., III.). Reakce nosorožců na experimenty s playbacky byly analyzovány s využitím 

Friedmanovy ANOVY, Wilcoxonova párového testu a analýzy hlavních komponent 

(Příspěvek III.). K statistickým analýzám olfaktorických experimentů byly použity lineární 

mixované modely (Příspěvek II.).  

 

 

 
Obr. 3: Nahrávání hlasů nosorožců tuponosých.  
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Komunikační signály  
 
Všechny důležité projevy sociálního chování jsou zprostředkovávány komunikačními signály 

(McGregor a Peake 2000). Design komunikačních signálů živočichů je tvořen dvěma složkami, 

strategickým designem a efektivitou. Strategický design signálu přestavuje jeho formování 

přírodním výběrem, aby poskytl dostatek informací nezbytných pro reakci příjemce, která 

zvyšuje nebo zachovává biologickou zdatnost signalizujícího jedince. Efektivita se týká 

přenosu signálu a přírodní výběr favorizuje takové signály, které jsou jednoduše přenášeny, 

detekovány, rozlišeny od ostatních signálů a ty, co jsou snadno zapamatovatelné (Guilford a 

Dawkins 1991). Rozpoznávání je založeno na porovnávání analyzovaného signálu se 

specifickou předlohou, která představuje vnitřní zobrazení signálu. Pokud existují mezi zvířaty 

dlouhodobé asociace, rozlišování jedinců vyžaduje, aby byly předlohy pro rozpoznávání 

pravidelně aktualizovány (Sherman et al. 1997). Smyslové systémy, signály, chování během 

vysílání signálu a výběr habitatu jsou evolučně propojeny a toto spojení bývá označováno jako 

smyslový tah (angl. sensory drive; Endler 1992). Signalizace může probíhat v různých 

komunikačních kanálech a různí signalizující jedinci mohou být také vnímáni odlišným 

smyslem (Endler 1993).  

Komunikace na větší vzdálenost může probíhat skrz zrak, vokalizaci nebo čichové 

podněty. Vizuální i vokální komunikace umožňují velmi rychlý přenos velkého množství 

informací. Pro vizuální komunikaci je nicméně nezbytný dostatek světla a také to, aby zvířata 

byla na dohled (Endler 1993). Vokální komunikace je výhodná pro přenos informací na delší 

vzdálenost než může být dosaženo olfaktorickými nebo vizuálními signály (Kondo a Watanabe 

2009). Olfaktorická komunikace je pomalá a velmi specifická a olfaktorické signály velmi úzce 

souvisí s fyziologií a potravou jedinců, takže mohou být dobrými indikátory biologické 

zdatnosti (Endler 1993). Na rozdíl od olfaktorických signálů (Eisenberg a Kleiman 1972; 

Endler 1993) je mnoho vokálních signálů přímo namířeno ke konkrétnímu příjemci, ačkoli 

může být vokalizace dostupná mnoha dalším jedincům díky odposlouchávání (McGregor a 

Peake 2000). Olfaktorické signály mají zase velkou výhodu v tom, že v prostředí přetrvávají po 

delší dobu i v absenci signalizujícího jedince (Eisenberg a Kleiman 1972).  

 

  



24 
 

Vokální komunikace nosorožců 
 

Vokální signály různých druhů savců obsahují informace o identitě vokalizujícího jedince 

(Darden et al. 2003; Frommolt et al. 2003; Charlton et al. 2009b, 2011a; Proops et al. 2009; 

Schneiderová a Policht 2010), jeho pohlaví (Rendall et al. 2004; Charlton et al. 2009a; 

Lemasson et al. 2009), věku (Charlton et al. 2009a), druhu (Schneiderová a Policht 2012), 

velikosti (Charlton et al. 2007, 2009a; Lemasson et al. 2009), emočním stavu (Fichtel et al. 

2001), fázi reprodukčního cyklu u samic (Charlton et al. 2010a), úrovni hladiny androgenů u 

samců (Charlton et al. 2011b) nebo o sociální situaci, ve které se vokalizující zvíře nachází 

(Tallet et al. 2013). Příjemci tak mohou tyto informace v signálech rozlišovat a rozhodovat se 

na základě chování, fyziologie nebo morfologie ostatních jedinců (Endler 1993). Mnoho 

akustických signálů se také vyvinulo a je používáno v kontextu reprodukce a tyto signály často 

vedou k modifikaci neuroendokrinní fyziologie příjemce (Ball a Dufty 1998). 

U kopytníků je schopnost rozlišovat různé informace z hlasů jedinců stejného druhu 

dobře probádána u některých domácích druhů nebo druhů chovaných na farmách (kůň domácí: 

Lemasson et al. 2009, Proops et al. 2009, Basile et al. 2009; prase domácí: Illman et al. 2002, 

Illman et al. 2008; koza domácí: Briefer a McElligott 2011, Briefer et al. 2012; jelen evropský: 

McComb 1991, Reby et al. 2001, Charlton et al. 2007; daněk evropský: Torriani et al. 2006, 

Pitcher et al. 2014), ale výzkumu rozpoznávání informací z hlasů jedinců stejného druhu u volně 

žijících kopytníků byla dosud věnována jen malá pozornost. Výzkum vokalizace jelenů 

evropských chovaných na farmách významně napomohl pochopení jejich reprodukční biologie. 

Laně preferují samce, kteří vokalizují rychleji (McComb 1991) a větší samce, které rozpoznají 

podle troubení, jež obsahuje nižší hodnoty rezonančních frekvencí (= formantů) v hlase a menší 

rozestupy mezi jednotlivými formanty (Charlton et al. 2007). Laně také dokáží rozpoznat 

troubení dominantního jelena ze svého stáda od troubení sousedních dominantních samců 

(Reby et al. 2001). Rozdíly v rychlosti troubení jelenů korelují s jejich schopností boje a 

rychlost troubení jedince také záleží na rychlosti troubení jeho oponenta (Clutton-Brock a 

Albon 1979). Takové znalosti o vokální komunikaci by byly velmi cenné v managementu a 

ochraně nosorožců.    

Vokální projevy nosorožců byly donedávna popsány pouze ohledně kontextu, ve kterém 

jsou používány (Owen-Smith 1973; Laurie 1978; Goddard 1967; Budde a Klump 2003; von 

Muggenthaler et al. 2003; Policht et al. 2008), ale jejich funkce nebyla známá. Vokální repertoár 

nosorožců dvourohých (Budde a Klump 2003), sumaterských (von Muggenthaler et al. 2003) 
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a Cottonových (Policht et al. 2008) byl studován bioakusticky v zoologických zahradách a 

vokální repertoár volně žijících nosorožců tuponosých (Owen-Smith 1973) a indických (Laurie 

1978) byl popsán pouze verbálně. Někteří autoři dříve uvažovali, jestli komunikace nosorožců 

neprobíhá na dlouhou vzdálenost podobně jako u slonů (Baskin 1991; von Muggenthaler et al. 

1993), kteří reagují na hlasy ostatních jedinců až na vzdálenost několika kilometrů (Langbauer 

et al. 2001). Používání infrazvuku bylo zaznamenáno u všech druhů nosorožců, které jsou 

v současnosti drženy v zajetí (sumaterský, indický, dvourohý, tuponosý, Cottonův) (Baskin 

1991; von Muggenthaler et al. 1993; Policht et al. 2008), nicméně se zdá, že nízké frekvence 

obsažené v některých hlasech by mohly být spíše vedlejším produktem velkého těla nosorožců 

než prostředkem pro komunikaci na velkou vzdálenost (Policht et al. 2008).    

Vokální signály také mohou sloužit jako prezygotický reprodukčně izolační 

mechanismus a omezit nebo zabránit křížení příbuzných druhů (Ryan a Kime 2003). Nosorožci 

tuponosí a Cottonovi jsou blízce příbuzné sesterské druhy (Groves et al. 2010) a mají široký 

vokální repertoár, který pravděpodobně souvisí s jejich rozvinutým sociálním chováním 

(Owen-Smith 1973; Policht et al. 2008). U volně žijících nosorožců tuponosých bylo popsáno 

10 typů hlasových projevů používaných v sociálním kontextu (Owen-Smith 1973) a u 

nosorožců Cottonových v zoologické zahradě Dvůr Králové bylo zaznamenáno 11 typů 

hlasových projevů (Policht et al. 2008). Vokální repertoár je mezi oběma druhy značně 

podobný (Owen-Smith 1973; Policht et al. 2008) (Tabulka 1), nicméně hlas chraptění (angl. 

hoarse) byl zaznamenán pouze u samců nosorožce Cottonova (Příspěvek I.). Tento nápadný 

hlas je používán samci téměř vždy během krmení, je opakován v sériích, které mají 

průměrnou délku 26 sec a byl popsán u všech třech samců nosorožce Cottonova chovaných v 

zoo Dvůr Králové (Policht et al. 2008; Příspěvek I.), ale u nosorožců tuponosých 

zaznamenán nebyl (Owen-Smith 1973; Příspěvek I.). Nosorožci tuponosí a Cottonovi se také 

liší v některých parametrech svých kontaktních hlasů, které je možné s 91%ní 

pravděpodobností přiřadit ke správnému druhu. Tyto rozdíly mohly vzniknout přizpůsobením 

se konkrétním podmínkám habitatu, ve kterém se oba druhy přirozeně vyskytují (Příspěvek 

I.).  
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Tabulka 1: Vokální repertoár nosorožců Cottonových a tuponosých (Owen-Smith 1973; 
Policht et al. 2008; Příspěvek I., III.). 
 

Typ hlasu a kontext Použití* 
Sociopozitivní projevy  
Sípání  
(angl. pant) 

Kontaktní hlas, používán během přístupu, následování nebo zdravení jiného 
nosorožce nebo během izolace od zbytku stáda. Je tvořen sérií sípavých 
nádechů a výdechů. 

Všichni 

Chraplavé 
sípání (hic) 

Součástí hlasu sípání, který se liší v závislosti na kontextu hlasu. Od 
klasického sípání je odlišováno intenzivnějšími chraplavými výdechy a 
nádechy. Používáno dospělým samcem během přístupu k samici, nejčastěji 
během říje.  

♂ 

Zapištění 
(squeak) 

Krátký, vysoký hlas. Používán jen málo, především při vizuální izolaci 
mláďat od matky, subadultů od ostatních členů skupiny nebo používán 
subadulty během utíkání před teritoriálním samcem. 

Ml., Sub. 

Kňučení 
(whine) 

Nejčastěji používáno mláďaty před kojením. Bývá opakováno v sériích.   Ml. 

Kňourání 
(squeal) 

Připomíná kňučení mláďat. Používáno teritoriálním samcem, který se snaží 
zabránit samici, která přichází do říje, v opuštění jeho teritoria.  

♂ 

Agonistické projevy  
Hrozba, 
funění ** 
(threat)  

Hrozba zafuněním. Tvoří ji prudký výdech nebo nádech a bývá vnímán jako 
první varování k přistupujícímu zvířeti (Obr. 4). 

Všichni  

Funění 
(snort)** 

Behaviorální kontext tohoto hlasu je variabilní, je také používán 
v agonistickém kontextu. 

Všichni 

Mručení 
(grunt) 

Nízkofrekvenční vokalizace, většinou následuje po hrozbě zafuněním, 
pokud oponent neustoupil.  

♀, Sub., 
Subdom.♂ 

Bručení  
(snarl) 

Uši jsou namířené dozadu, hlava natažená dopředu a ústa jsou otevřená. 
Nejčastěji bývá směřován od dospělé samice, ale i subadultních zvířat nebo 
subdominantního samce k teritoriálnímu samci. Bývá používáno ve více 
extrémních situacích k zastavení přístupu oponenta.   

♀, Sub., 
Subdom. 
♂ 

Troubení 
(shriek) 

Připomíná troubení slona. Používán subdominantními, subadultními nebo 
teritoriálními samci za hranicemi jejich teritoria, kteří jsou konfrontováni 
nebo pronásledováni místním teritoriálním samcem. Slouží pravděpodobně 
ke ztlumení agresivity teritoriálního samce.  

Sub. ♂, 
Subdom. 
♂ 

Vrčení  
(gruff-
squeal) 

Opakováno v sériích. Používáno teritoriálním samcem, když pronásleduje 
ostatní nosorožce, kteří před ním utíkají. Slouží pravděpodobně 
k zdůraznění přítomnosti a hrozby samce.     

♂ 

Hlasy vydávané v dalších kontextech  

Zamručení 
(grouch) 

Používáno během krmení a dalších aktivit v blízkosti ostatních členů stáda. 
Zaznamenáno především ve vokálním projevu dvou samic nosorožce 
Cottonova.  

♀ 

Chraptění 
(hoarse) 

Repetitivní hlas, který může trvat až několik minut. Byl zaznamenán pouze 
u dospělých samců nosorožce Cottonova. Bývá vydáván téměř vždy během 
krmení.  

♂ C. 
cottoni 

Frknutí 
(puff) ** 

Behaviorální kontext tohoto hlasu je variabilní, je používán např. během 
krmení, odpočinku nebo v kohezivních interakcích.  

Všichni 

 
* Nejčastější použití různými věkovými třídami nosorožců: Ml. = mláďata, Sub. = subadulti, Subdom. = 
subdominantní, ♀ = samice, ♂ = samec  
** Owen-Smith (1973) popsal funění u nosorožců tuponosých, které používají v agonistickém kontextu jako 
„snort“, nicméně Policht et al. (2008) rozlišili v bioakustické studii nosorožců Cottonových tři typy funění (angl. 
puff, snort, threat), z nichž pouze hlas popsaný jako „threat“ byl používán výhradně v agonistickém kontextu.   
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Obr. 4. Samice nosorožce tuponosého během hrozby zafuněním. 

Budde a Klump (2003) analyzovali harmonické, žadonící hlasy (angl. begging calls) 

nosorožců dvourohých v zoologických zahradách kvůli možnosti individuální identifikace 

zvířat a 61% hlasů byli schopni přiřadit ke správnému jedinci. Ačkoliv toto číslo bylo výrazně 

vyšší než by umožňovala náhoda, autoři došli k závěru, že pravděpodobnost přiřazení ke 

správnému zvířeti není dostatečně vysoká pro praktické určování jedinců podle hlasu. 

Kontaktní hlas sípání nosorožců tuponosých a Cottonových se skládá ze série nádechů a 

výdechů (Owen-Smith 1973; Policht et al. 2008) a opakování krátkých signálů může být 

v otevřeném habitatu, ve kterém se vyskytují (Owen-Smith 1973; Hillman-Smith 1982, 1987; 

Estes 1991), favorizováno kvůli snadnější detekci mezi nárazy větru na otevřených pláních 

(Wiley a Richards 1978). Podtypem kontaktního hlasu sípání je hlas chraplavé sípání (angl. 

hic), který používají dospělí samci během přístupu k samici, nejčastěji v období říje (Owen-

Smith 1973; Policht et al. 2008; Příspěvek III.) (Obr. 5). V době, kdy samice přichází do říje, 

se intenzita přístupu samce k samici a frekvence jeho volání tímto hlasem neustále zvyšuje. 

Chraplavé sípání se liší od klasického sípání intenzivnějšími chraplavými nádechy a výdechy. 

V určitých sociálních situacích lze také slyšet přechodné hlasy mezi sípáním a chraplavým 

sípáním, které se těžko kategorizují (Owen-Smith 1973; vlastní pozorování).  
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Obr. 5: Páření nosorožců tuponosých. Když samice přichází do říje, samec intenzivně 
vokalizuje kontaktním hlasem chraplavé sípání během neustálých přístupů k samici a pokusů o 
páření.  
 

 

Kontaktní hlasy nosorožců tuponosých a Cottonových lze s vysokou pravděpodobností 

přiřadit ke konkrétnímu jedinci. Jedinci se mezi sebou liší především v časových parametrech 

hlasu a jeho jednotlivých elementů (nádechů a výdechů) a hlasy dospělých samců také mohou 

obsahovat informace o dominantním nebo submisivním postavení (Příspěvek I.). Kontaktní 

hlasy nosorožců tuponosých se také liší mezi pohlavími, věkovými třídami (mladá a dospělá 

zvířata) a sociální situací vokalizujícího jedince (jestli je jedinec izolován nebo je ve vizuálním 

kontaktu s ostatními nosorožci; Obr. 6, 7). Například délka hlasu a počet elementů v hlase je u 

dospělých samic a mladých samců na rozdíl od dospělých samců větší v izolaci než ve 

vizuálním kontaktu (Příspěvek III.). Délka hlasu a počet hlasů v sekvenci bývají delší 

v situacích spojených se stavem většího rozrušení (Rendall 2003; Charlton et al. 2010a) a 

opakování elementů v hlase také napomáhá lokalizovat ztraceného jedince (Aubin a Jouventin 

2002). Samice a mladí samci jsou tedy pravděpodobně v izolaci od vlastní skupinky ve stavu 

většího rozrušení a snaží se s ní znovu spojit (Příspěvek III.). Dospělí samci jsou samotářští 

(Owen-Smith 1973) a větší naléhavost situace pravděpodobně zažívají, když jsou v kontaktu se 
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samicí, zvláště v období říje, kdy je hlas chraplavé sípání používán nejčastěji (Příspěvek III.). 

Například samci pandy velké s vyšší hladinou androgenů mají delší hlasy (Charlton et al. 

2011b) a hlasy samic jsou delší v plodné dny (Charlton et al. 2010a). Zajímavé je, že u mladých 

samic nosorožců tuponosých se délka hlasu v závislosti na sociální situaci neliší a počet 

elementů v hlase je velmi variabilní (Příspěvek III.).   

 Nosorožci tuponosí dokáží rozpoznat informace z hlasů jedinců stejného druhu i z hlasů 

blízce příbuzných nosorožců Cottonových. Volně žijící teritoriální samci jsou schopni rozlišit 

kontaktní hlasy samců a samic nosorožců tuponosých a v izolaci od ostatních nosorožců reagují 

výrazně intenzivněji na hlasy samic než samců, z čehož vyplývá, že kontaktní hlasy jsou 

důležitější pro komunikaci samce se samicí než pro komunikaci mezi teritoriálními samci 

(Příspěvek III.). Samci si značí své teritorium močí a trusem (Owen-Smith 1973, 1975) a 

olfaktorické signály jsou tedy pravděpodobně pro komunikaci teritoriality významnější. Samci 

nosorožců tuponosých také dokáží rozpoznat pohlaví z hlasů nosorožců Cottonových, ale 

reagují na samce i samice stejně intenzivně. Samci jsou také po playbaccích kontaktních hlasů 

aktivnější, stráví více času chůzí a běháním, značkují své teritorium nebo vokalizují kontaktním 

hlasem (Příspěvěk III.). 

Způsob, jakým zvířata reagují na signály vlastního, a blízce příbuzného druhu může být 

komplexní. Jedinci na ně mohou reagovat stejně a důvodem nemusí být neschopnost mezi nimi 

rozlišovat, ale to, že signály příbuzného druhu jsou podobné signálům druhu vlastního a 

zároveň nové, pokud se jedná o allopatrické druhy (Braune et al. 2008; Ord a Stamps 2009). 

Reakce na signály příbuzného druhu mohou být ale i intenzivnější než na druh vlastní (Ord a 

Stamps 2009). Samci nosorožce tuponosého reagují intenzivněji na hlasy teritoriálního samce 

nosorožce Cottonova než samce vlastního druhu (Příspěvek III.). Oba druhy jsou allopatrické 

(Hillman-Smith et al. 1986) a rozlišování mezi nimi tedy nemůže být způsobeno učením a 

mohlo by být vyvoláno efektem novosti (angl. novelty effect; Tulving a Kroll 1995). Neznámé 

charakteristiky v hlasech samce nosorožce Cottonova mohou tedy vyvolat intenzivnější reakci 

(Příspěvek III.). 

Se zjištěním, že kontaktní hlasy nosorožců tuponosých a Cottonových hrají významnou 

roli v jejich sociálním chování, vyvstává otázka, jestli i ostatní druhy nosorožců používají 

nějaké typy vokalizace k zjišťování informací o ostatních jedincích a jakou funkci jejich hlasy 

mají. Také další typy hlasů nosorožců Cottonových a tuponosých včetně chraplavého sípání, 

by mohly umožňovat kódování informací o vokalizujícím jedinci. Zejména znalosti o vokální 

komunikaci asijských druhů nosorožců jsou jen velmi malé (Laurie 1982; von Muggenthaler et 

al. 2003). Ačkoliv ostatní druhy nosorožců nemají tak rozvinuté sociální chování jako nosorožci 
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tuponosí a Cottonovi a nepoužívají stejný typ kontaktního hlasu (Goddard 1967; Owen-Smith 

1973, 1975; Laurie 1982; van Gyseghem 1984; Penny 1987; Policht et al. 2008), rozpoznávání 

informací z hlasů ostatních jedinců pro ně může být velmi důležité stejně jako pro jiné, i 

solitárně žijící druhy savců (např. panda velká: Charlton et al. 2010a, 2010b; koala 

medvídkovitá: Charlton et al. 2011a, 2012a, 2012b).   

Obr. 6: Oscilogramy (nahoře) a spektrogramy (dole) kontaktních hlasů samců nosorožce 
tuponosého. Dospělí samci ve vizuální izolaci (A) a ve vizuálním kontaktu se samicí (během 
říje) (B). Subadultní samci ve vizuální izolaci (C) a ve vizuálním kontaktu s ostatními členy své 
skupiny (D). Jednotlivé elementy hlasu jsou označeny jako nádechy (N) a výdechy (V). Na 
spektrogramech jsou také nápadné individuální rozdíly v hlasech mezi zvířaty. Parametry 
spektrogramů: FFT length 1024, frame size 100%, overlap 87.5%, Hamming window.   
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Obr. 7: Oscilogramy (nahoře) a spektrogramy (dole) kontaktních hlasů samic nosorožce 
tuponosého. Dospělé samice ve vizuální izolaci (A) a ve vizuálním kontaktu s ostatními členy 
své skupiny (B). Subadultní samice ve vizuální izolaci (C) a ve vizuálním kontaktu s ostatními 
členy své skupiny (D). Jednotlivé elementy hlasu jsou označeny jako nádechy (N) a výdechy 
(V). Na spektrogramech jsou také nápadné individuální rozdíly v hlasech mezi zvířaty. 
Parametry spektrogramů: FFT length 1024, frame size 100%, overlap 87.5%, Hamming 
window.  
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Olfaktorická komunikace nosorožců 
 

Pachové signály hrají u většiny savců významnou roli v reprodukčním a sociálním chování i 

v jejich prostorové organizaci (Eisenberg a Kleiman 1972). Suchozemští obratlovci vnímají 

pachové signály hlavním čichovým systémem, který zpracovává především těkavé signály a 

vomeronazálním orgánem, který zpracovává hlavně netěkavé feromony (Dulac a Torello 2003). 

U savců rozlišujeme dva typy pachových signálů, které slouží ke komunikaci: identifikační a 

emotivní. Identifikační pachové signály jsou produkovány při pravidelných metabolických 

procesech zvířete a emotivní signály jsou produkovány pouze za zvláštních podmínek, 

například jako výsledek přechodného emočního stavu nebo vnějšího stimulu (Brown 1979). 

Pachové značky poskytují informace o kompetičních schopnostech a kvalitě signalizujícího 

jedince (Gosling a Roberts 2001) a signály v moči nebo trusu savců umožňují rozpoznat 

příbuzné (Bates et al. 2008), pohlaví a fázi reprodukčního cyklu jedince (Swaisgood et al. 2000; 

Charlton 2014), jeho identitu (Linklater et al. 2013) a tyto signály mohou hrát roli i při výběru 

partnera (Fisher et al. 2003; Johansson a Jones 2007) a umožnit rozpoznání jeho zdravotního 

stavu (Kavaliers a Colwell 1995). Chemické složení pachových značek, ale i jejich umístění, 

hustota výskytu v dané oblasti nebo čerstvost přispívají k  posouzení signalizujícího jedince 

příjemcem ještě předtím, než se potkají (Gosling a Roberts 2001). Jelikož pachové značky 

bývají příjemcem nalezeny často bez přítomnosti signalizujícího jedince, může být pro 

potvrzení jeho identity potřeba porovnat pachové značky s jeho vlastním pachem (angl. scent-

matching; Gosling 1982).  

Olfaktorická komunikace je velmi důležitá v sociálním chování kopytníků, kteří mají 

také dobře vyvinutý vomeronazální orgán (Eisenberg a Kleiman 1972), trus a moč používají 

k značení svých teritorií a vyprazdňování a močení u nich může být doprovázeno 

ritualizovanými projevy (Grau 1976). Mnoho sudokopytníků má také specializované pachové 

žlázy, jejichž výměšky si značí své domovské okrsky nebo teritoria (Grau 1976; Estes 1991). 

U nosorožců až na několik výjimek žádné specializované pachové žlázy popsány nebyly 

[(nosorožci tuponosí: předkožkové žlázy (Cave 1966); nosorožci indičtí a jávští: pedální žlázy 

(Cave 1962)] a k olfaktorické komunikaci jim slouží především signály v moči a trusu a obecný 

pach těla (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984; Penny 

1987).  

Nosorožci dvourozí signalizují pachovými značkami a chováním mnoho informací o 

své identitě a fyziologii. Samci i samice dělají po vyprázdnění zadníma nohama do země rýhy 
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a rozkopávají tak svůj trus po hnojišti. Samci dělají tyto rýhy častěji než samice, délka rýh 

vzrůstá u obou pohlaví s věkem a u samic je také ovlivněna fází reprodukčního cyklu (Freeman 

et al. 2014). Nosorožci dvourozí, kteří byli dočasně drženi v zajetí, dokáží rozpoznat signály 

v trusu o pohlaví, věku a identitě jedince. Zájem zvířat o trus ostatních jedinců se nesnižuje s 

jeho stářím až po dobu 32 dní, což naznačuje, že takto starý trus stále hraje důležitou roli 

v komunikaci nosorožců (Linklater et al. 2013). Také se ukázalo, že při vypouštění nosorožců 

dvourohých do nové oblasti může aplikování vzorků moči a trusu v okolí místa vypuštění, 

ovlivnit pohyb a distribuci zvířat, nicméně je zapotřebí další výzkum pro lepší pochopení všech 

faktorů, které ovlivňují chování nosorožců v této situaci (Linklater et al. 2006).  

Nosorožci tuponosí a Cottonovi se vyprazdňují na společných hnojištích, a když 

prochází kolem nějakého hnojiště, většinou se zastaví a kupky trusu očichávají (Obr. 8). Samci 

si značí své teritorium tím, že před a po vyprázdnění zakopávají zadníma nohama, čímž rozptýlí 

trus po hnojišti a zadníma nohama dělají také do země rýhy, na které sprejovitě močí (Owen-

Smith 1973, 1975; van Gyseghem 1984). Samci nosorožců tuponosých si značí teritorium močí 

intenzivněji blízko hranic svého teritoria na rozdíl od trusu, který je distribuován rovnoměrněji 

po celém teritoriu. Zdá se tedy, že trus by mohl poskytovat více informací o pohybu a distribuci 

samců (Kretzschmar et al. 2001). Samci v období sucha také mohou chodit do sousedních nebo 

více vzdálených teritorií k vodnímu zdroji a pro samce tedy není potkání jiného dominantního 

samce nebo jeho pachových značek ve svém teritoriu úplně výjimečné (Owen-Smith 1973).   

Stejně jako u nosorožců dvourohých (viz nahoře), také u nosorožců tuponosých slouží 

trus k signalizování informací o jedinci. Volně žijící nosorožci tuponosí jsou schopni rozpoznat 

familiaritu a pohlaví jedince pouze na základě pachu jeho trusu. Zvířata čichají déle k trusu 

neznámých než familiárních jedinců a doba, za kterou nastane od začátku čichání k trusu 

ostražitost, se liší v závislosti na pohlaví i familiaritě zvířete, od kterého trus pochází. Na trus 

neznámých samic nastává ostražitost dříve než na trus familiárních samic a u trusu samců to je 

naopak. Trus tedy pravděpodobně hraje důležitou roli v sociálním chování a prostorové 

organizaci nosorožců tuponosých (Příspěvek II.).  

Dospělí volně žijící teritoriální samci nosorožce tuponosého mají vyšší hladinu 

testosteronu než submisivní samci (Rachlow et al. 1998) a teritoriální status samce také 

ovlivňuje kvalitu jeho spermatu. Pokud jsou v zoologických zahradách drženi dva dospělí samci 

ve stejném zařízení se skupinou samic, pouze jeden ze samců má vysokou kvalitu spermatu, 

druhý samec má buď střední, nebo nízkou kvalitu (Hermes et al. 2005). Pro samice by tedy 

mohlo být nezbytné rozpoznat status samce z jeho olfaktorických signálů. V recentní studii se 

podařilo izolovat volatilní složky z trusu volně žijících nosorožců tuponosých, které jsou 
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asociovány s pohlavím, věkem, teritoriálním statusem samců a reprodukční fází samic 

(Marneweck 2013). Nosorožci by tedy mohli být schopni rozpoznat z trusu ostatních jedinců 

kromě familiarity a pohlaví (Příspěvek II.) mnoho dalších informací a ke stejnému účelu může 

sloužit i jejich moč. K objasnění, jaké další informace nosorožci z olfaktorických signálů 

zjišťují, jsou tedy nutné další studie.  

Obr. 8: Samice nosorožce tuponosého se svým mládětem (samečkem) čichá k trusu na 
nosorožčím hnojišti, které je umístěno na cestě. 
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Závěr a hodnocení výsledků dizertační práce 

Výsledky této dizertační práce představují první doklad o tom, že hlasy nosorožců obsahují 

informace o vokalizujícím jedinci a že zvířata jsou schopna tyto informace rozpoznat. 

Kontaktní hlasy nosorožců tuponosých a Cottonových hrají významnou roli v jejich sociálním 

chování, umožňují identifikaci konkrétního jedince, jeho druhu, pohlaví, věkové třídy a sociální 

situace (Příspěvek I., III.) a zvířata využívají informace obsažené v těchto hlasech k určení 

pohlaví nebo druhové příslušnosti jedinců (Příspěvek III.). Tato dizertační práce také přináší 

první informace o schopnosti volně žijících nosorožců rozlišovat informace o ostatních 

jedincích svého druhu pouze na základě pachu trusu. Nosorožci tuponosí jsou schopni z trusu 

rozlišit informace o familiaritě a pohlaví (Příspěvek II.).  

Kontaktní hlas sípání nosorožců tuponosých a Cottonových je možné s vysokou 

pravděpodobností přiřadit ke správnému druhu (Příspěvek I.) a samci nosorožců tuponosých 

jsou schopni některé rozdíly v hlasech mezi oběma druhy rozpoznat (Příspěvek III.). Tyto 

výsledky přináší další významné informace o rozdílech mezi oběma druhy, které byly odlišeny 

teprve nedávno (Groves et al. 2010; Groves a Robovský 2011). K zjištění existence 

prezygotické reprodukční izolace mezi druhy založené na vokalizaci jsou ale relevantnější 

reakce samic na hlasy samců (Searcy 1992). Jelikož jsou nosorožci Cottonovi a tuponosí 

allopatričtí (Hillman-Smith et al. 1986), bylo by velmi zajímavé zjistit, zda rozdíly ve vokalizaci 

mezi nimi mohou způsobit preferenci samic pro hlasy samců vlastního druhu a zda existuje 

jakýkoliv náznak reprodukční izolace mezi oběma druhy, která by byla založená na vokalizaci.  

Lepší znalost komunikace nosorožců nabízí možnost pro využití těchto poznatků 

v jejich managementu a ochraně. Mnoho samic nosorožce tuponosého a Cottonova má v zajetí 

nepravidelnou nebo absentující luteální aktivitu (Schwarzenberger et al. 1998; Hermes et al. 

2006) a mnoho samců má pouze střední nebo nízkou kvalitu spermatu (Hermes et al. 2005). 

Hladina testosteronu u samců v zajetí stoupá se vzrůstajícím počtem samic, ke kterým mají 

přístup (Christensen et al. 2009) a dospělí volně žijící teritoriální samci mají vyšší hodnoty 

testosteronu než samci submisivní (Rachlow et al. 1998). Endokrinní fyziologie zvířat se často 

mění v odpovědi na akustickou stimulaci (Wingfield et al. 1994) a pachové signály (Eisenberg 

a Kleiman 1972; Campbell-Palmer a Rosell 2011). Intenzivní reakce samců na playbacky 

kontaktních hlasů (Příspěvek III.) a jejich intenzivní reakce na vzorky trusu (Příspěvek II.) 

ukazují, že tyto signály stimulují jejich sociální a teritoriální chování. Kontaktní hlasy také 

mohou významně ovlivňovat fyziologické procesy samic. Hlas chraplavé sípání používaný 
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samci nosorožců tuponosých a Cottonových je přímo asociovaný s reprodukcí (Owen-Smith 

1973; Příspěvek III.) a mohl by stimulovat samice v říji. Trus, který samci používají k značení 

teritoria (Owen-Smith 1973; van Gyseghem 1984) by také mohl mít vliv na hormonální aktivitu 

samic, jelikož pachové značky často nejsou pouze způsobem obrany teritoria, ale slouží i 

k předávání informací a ke koordinaci sociálního a reprodukčního chování (Campbell-Palmer 

a Rosell 2011).  

Playbacky kontaktních hlasů a vzorky trusu by tedy mohly ovlivňovat endokrinní 

fyziologii nosorožců, zlepšit luteální aktivitu samic a ovlivnit hladinu testosteronu u samců, 

stejně jako bylo ukázáno u jiných druhů zvířat (Knight a Lynch 1980; McComb 1987; Perret 

1995; Ball a Dufty 1998; Rekwot et al. 2001; Tauck a Berardinelli 2007).  Je tedy potřeba 

podniknout další studie zkoumající komunikaci nosorožců včetně zjištění vlivu manipulace 

s vokálními a olfaktorickými signály na hladinu hormonů u zvířat. Manipulace signálů volně 

žijících savců může mít také významné využití např. při translokaci zvířat k ovlivnění jejich 

pohybu po vypuštění nebo k vytvoření „virtuálních teritorií“ před vypuštěním, což by mohlo 

snížit riziko konfliktu s rezidentními zvířaty (Swaisgood 2007; Campbell-Palmer a Rosell 

2011).   
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Abstract

Inter-individual relationships particularly in socially living mammals often require a well-developed communication system.
Vocal and olfactory signals are the most important for the communication of rhinos, however, their vocal communication
has been investigated to a very limited extent so far. White rhinos have the most developed social system out of all the
rhinoceros species and vocal signals might therefore play an important role in their social interactions. We recorded
repetitive contact pant calls from six captive northern white rhinos (Ceratotherium cottoni) and 14 captive and free-ranging
southern white rhinos (Ceratotherium simum) and examined if they transmit information about individual identity, species,
social context and age class. Discriminant analyses revealed that a high percentage of the pant calls of both species could
be classified to a correct individual. We calculated signature information capacity of pant calls recorded from adult animals
in isolation at 3.19 bits for the northern white rhinos and at 3.15 bits for the southern white rhinos, which can potentially
allow for a vocal discrimination of nine individuals of both species. We found that pant calls varied by species. Northern
white rhinos had longer calls and also differed from the southern white rhinos in several frequency parameters of their calls.
We also analysed the pant calls of southern white rhinos for the differences between the age classes and between social
contexts in which they were recorded. Our results show that pant calls carry information about individual, species, age class
and context. The ability to recognize this information would allow rhinos, in addition to olfactory cues, to communicate with
highly increased accuracy. A better understanding of communication of white rhinos has potential practical use in their
management and conservation particularly because of the low breeding success of white rhinos in captivity.
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Introduction

Certain aspects of rhinoceros acoustic communication have

been compared to the communication of elephants intensively

studied over recent decades (e.g. [1–3]). It has been hypothesised

that rhinos might be using infrasound for long-distance commu-

nication which would be similar to the communication of

elephants [4,5]. To the best of our knowledge, however, only

basic descriptions of the rhinoceros vocal repertoire are known so

far and no studies have reported any detailed information encoded

in particular rhinoceros calls [6–8].

White rhinos have the widest vocal repertoire out of all the

rhinoceros species whose vocalizations have been studied bioa-

coustically (see [6–8]) and also have the most developed social

system (see [9–13]). Adult white rhinoceros males are territorial

while females, subadults and juveniles live in groups in overlapping

home-ranges [10,11,14]. The most frequently observed long-term

associations of southern white rhinos include 2–3 individuals,

although long-lasting groupings of up to six animals have also been

recorded [10,15]. Advanced acoustic communication might

therefore be particularly useful for the white rhinoceros. Vocal

recognition of offspring [16,17], mother [18], sex or age class

[19,20], group membership [21,22], individual identity [23,24]

and the dominant or subordinate status of males [25] have been

previously described in many socially living mammals.

Acoustic signals may also serve as a premating isolating

mechanism and restrict reproduction between different species

[26]. Two subspecies of the white rhinoceros have recently been

elevated to the species level, the northern (Ceratotherium cottoni) and

southern white rhinoceros (Ceratotherium simum) [27]. More detailed

research on their possible vocal distinction might contribute

valuable data to this reassessment. Rookmaaker [28,29] has

suggested that due to taxonomic revision, the name northern white

rhinoceros is no longer appropriate and suggests following Heller

[30] and calling it the Nile rhinoceros.

Rhinos are known to utter calls belonging to several categories

including puffing, growling and harmonic calls (see [6–8,10,12]).

The vocal repertoire of black [6], Sumatran [7] and northern
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vů
r

K
rá
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white rhinos [8] has been studied bioacoustically while the

repertoire of Indian [12] and southern white rhinos [10] has only

been described verbally. Northern and southern white rhinos

share a similar vocal repertoire [8,10] and a detailed comparison

of the vocal repertoires of all rhinoceros species revealed that white

rhinos use a unique category of repetitive calls [8].

Policht et al. [8] suggested that the repetitive contact call pant of

white rhinos, which is not known in other rhinoceros species, could

be used for long-distance communication. White rhinos live in

open habitats [10,31] and the repetition of short signals would

therefore be favoured for long-distance communication in this

environment due to an easier detection between bursts of wind

[32]. Pant is a sequence of inhalations and exhalations and is used

by all sex-age classes when greeting or approaching another

rhinoceros, as a response to previous calls or during separation

from a group [8,10]. Pant is usually apparently directed to a

particular individual [8] and in such vocalizations, individuality in

calls could be expected. The differences in vocalizations between

males can also indicate the quality (red deer: [33]) or social status

(horse: [22]) of the male and therefore influence female mate

choice. Vocal individuality also has the potential to be used in

conservation; individual discrimination and identification of

animals have their implications from census tasks to monitoring

the animals over time [34].

Northern white rhinos are currently on the brink of extinction

with only seven surviving individuals and although the numbers of

southern white rhinos have recently reached over 20,000

individuals in Africa, their population is in danger due to

escalating poaching [35]. The reproduction of both species in

captivity is extremely low (e.g. [36,37]). Although the reasons

behind this are poorly understood, several studies have suggested

that social interactions between captive rhinos might be one of the

possible reasons [38–41]. Research on white rhinoceros commu-

nication might be extremely valuable for an improved under-

standing of their social behaviour.

We investigated whether the contact pant calls of white rhinos

contain sufficient information for recognition of individuals,

species, age classes and contexts. In addition, we also calculated

the signature information capacity HS present in the pant calls of

northern and southern white rhinos following Beecher [42].

Materials and Methods

Ethics Statement
Research for this project including the recording of calls and

playbacks of pant calls for white rhinos was approved by the Ethics

and Scientific Committee of the National Zoological Gardens of

South Africa (Project P11/03). The research was conducted in

accordance with the guidelines of the Animal Behaviour Society

for the ethical use of animals in research.

Animals and Data Collection
The pant calls of six northern white rhinos were recorded in the

zoological garden Dvůr Králové and the calls of 14 southern white

rhinos in zoological gardens Salzburg, Zlı́n, Bratislava, Dvůr

Králové and in the South African wildlife reserves Lapalala

Wilderness, Welgevonden Game Reserve and Lichtenburg Biodi-

versity Conservation Centre in 2005–2006 and 2009–2012

(Table 1). We recorded the calls with a Sennheiser directional

microphone (ME 67 with K6 powering module, frequency

response: 40–20,000 Hz62.5 db) fitted with a Rycote Softie

windshield and digital recorders Marantz PMD 671 or Yamaha

Pocketrak C24 with a 44.1 kHz sampling rate and 16 bits

resolution. The vocalizations were recorded both outside and in

the stables at distances from 0.5 to 30 m, over a minimum of two

different days for each animal (mean 562.5 days, range 2–12 days)

and with the time between the first and last recording varying from

three days to five years for each subject.

The pant calls were recorded in the following context: (1) visual

isolation from other white rhinos (68.1% of the calls), (2) partial

isolation: the animal was visually isolated from the rest of its group,

but was in the company of other white rhinos (10.1%), (3) in visual

contact with group member(s) (21.8%). The animals vocalized

either naturally or replied to our playback of a pant call. The

rhinos became isolated when they either naturally separated

themselves and lost visual contact or when they were separated in

the enclosure or in the stables by the keepers. All the pant calls of

adult males were recorded in visual isolation from other white

rhinos.

Acoustic Analysis
We only included complete calls consisting of a series of

elements in the analysis; single inhalations or exhalations, which

rhinos occasionally produce in excited situations, were not

analysed. We only selected calls which were recorded in good

quality with low background noise. The call elements were

manually marked in Avisoft SAS Lab Pro 5.2.07 (Avisoft

Bioacoustics, R. Specht, Berlin, Germany) with the help of an

envelope curve and spectrogram. The temporal parameters were

then computed automatically using the following spectrogram

parameters: FFT length 256, frame size 100%, overlap 50%,

FlatTop window. These were duration, interval between particular

elements, the distance from the start to maximum amplitude and

start/end time. As the duration of the particular elements and the

number of elements of a certain duration within the call were

highly variable between individuals, we calculated various

parameters in order to extract the most important temporal

characteristics of the calls. We calculated the number of elements

in each call, the call duration, the duration of the longest and

shortest inhalation and exhalation in the call, the order of the

longest inhalation and exhalation in the call, the number of

inhalations and exhalations in the call in the duration from 0.0–

0.4 sec ( = in categories 1 and 2, see below) and the percentage of

inhalations and exhalations in a duration 0.0–0.4 sec from all the

inhalations and exhalations in the call. Spectral parameters were

measured using the following spectrogram parameters: FFT length

1,024, frame size 100%, overlap 87.5%, Hamming window.

As pant calls are repetitive signals, we only selected certain

elements of the calls to measure the spectral parameters. The calls

were divided into inhalations and exhalations and several very

weak elements (2% out of the total number of elements) were

excluded from the analysis to avoid fluctuations in breath intensity.

The inhalations and exhalations were then divided according to

their duration into categories: (1) 0.0–0.2 sec (28.6% of all

elements), (2) 0.21–0.4 sec (50.1%), (3) 0.41–0.8 sec (18.6%), (4)

.0.81 sec (2.7%) (Figure 1). Only one element from the most

numerous group of inhalations and exhalations was chosen for the

analysis (in 2.3% of inhalations and 3.6% of exhalations, we used

an element from the second most numerous group as there was no

good quality recorded element in the first group). Within the

group, the first well-recorded intensive element from the beginning

of each call was chosen. The spectrograms (spectrogram param-

eters: FFT length 1024, frame size 100%, overlap 87.5%,

Hamming window, time resolution 2.9 ms) of these elements were

then analysed in the acoustic programme LMA 2008 (kindly

provided by Kurt Hammerschmidt) and we computed 117

parameters for each selected element.
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Figure 1. Spectrograms of pant calls of adult northern and southern white rhinos. Northern white rhinos: female Nabiré (A) and male Suni
(B). Southern white rhinos: female Yeti (C) and male Natal (D). Inhalations (I), exhalations (E) and their affiliation to the categories based on their
duration are shown: category (1): 0.0–0.2 sec, (2): 0.21–0.4 sec, (3): 0.41–0.8 sec, (4): 0.81 sec. (Spectrogram parameters: FFT length 1024, frame size
100%, overlap 87.5%, Hamming window).
doi:10.1371/journal.pone.0098475.g001
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General Statistical Analyses
All the variables were Box-Cox transformed to improve the

normality of their distribution. The dataset contained a few zero

values; they were therefore shifted to the smallest possible value

during the Box-Cox transformation. Statistical analyses were

performed with software IBM SPSS Statistics 20.0 (IBM Corp.,

Armonk, USA) (for conventional discriminant function analyses

and information calculation), R 3.0.2 (R Foundation for Statistical

Computing, Vienna, Austria) (for permuted discriminant function

analyses) and Statistica 12.0 (StatSoft Inc., Tulsa, USA) (for Box-

Cox transformations and Mann-Whitney U tests).

Discriminant Function Analyses
We performed conventional discriminant function analyses

(DFAs) and permuted discriminant function analyses (pDFAs) to

test our ability to correctly assign calls to individual, species,

context and age class. We checked for pair-wise correlations

between variables and only one from a highly correlated pair with

r.0.8 has been retained in the analyses.

We conducted conventional forward stepwise DFAs to classify

the calls of both species according to the individuals. The variables

were added and removed based on the changes in Wilks’ lambda.

The resulting variables which contributed to the greatest extent to

the recognition between individuals were used as a source for the

final DFAs. We applied a cross-validation (leave-one-out proce-

dure) to validate the results of the DFAs as in this case each call in

the analysis was classified by the functions derived from all the calls

other than that call. We studied the possibility of classifying the

calls of northern white rhinos recorded in various social contexts to

a correct individual ( = DFA 1). To avoid overestimation or

underestimation of our results due to the fact that the animals were

recorded in various contexts, we re-ran the analysis using only calls

recorded in isolation ( = DFA 2). Similarly, we performed DFA 3

to study the possibility of correctly classifying the calls of southern

white rhinos recorded in various contexts as well as calls recorded

only in isolation ( = DFA 4). The DFAs 2 and 4 were only

conducted using the calls of the adult animals to control for any

possible influence of age class on our results.

We then performed pDFAs for nested designs, which is a

randomization procedure used for non-independent two-factorial

data sets when one factor is nested in another. The detailed

procedure is described in Mundry and Sommer [43]. The pDFAs

were conducted using a script written in software R (kindly

provided by Roger Mundry) using 100 random selections and

1,000 permutations. The script is based on the function Ida of the

R package MASS [44]. The pDFA calculates the percentage of

correctly classified objects for the original (i.e. unpermuted) data,

based on the calls used to derive discriminant functions and the

percentage of correctly classified calls for the cross-validated (i.e.

permuted) data, which were not used to derive discriminant

functions [43].

We conducted pDFAs to test our ability to correctly assign calls

to context ( = pDFA 1) and age class (adults and subadults; = DFA

2) in southern white rhinos and to assign calls of adult northern

and southern white rhinos recorded in isolation to correct species

( = pDFA 3) while controlling for individual variation. For pDFAs,

we used variables which discriminated best between contexts and

age classes in southern white rhinos and between species. In pDFA

1, we included calls from animals recorded in isolation (Ada,

Kathi, Kifaru, Munyani, Naja, Zanta, Natal, Medupi) and in

visual contact with group member(s) (Yeti, Malia, Tamu, Lekoto,

M06, Bert) in order to meet the requirements of the nested design

of pDFA as the calls of each individual can only be included in one

context. The same analysis was not performed for the northern

white rhinos as we were limited by the number of individuals and

the number of recorded calls in each context.

We conducted seven DFAs and pDFAs in total. A sequential

Bonferroni correction was therefore applied to correct the p-

values. A detailed description of all the variables used in the DFAs

is provided in Table S1 and their descriptive statistics in Table S2.

Two-tailed Mann-Whitney U tests were performed to test for

differences in the call parameters between species and between

contexts and age classes in southern white rhinos. We applied the

sequential Bonferroni correction as the data were used for multiple

comparisons.

Information Calculation
We described the variability in calls of northern and southern

white rhinos following Beecher [42], Arnold and Wilkinson [45]

and Carter et al. [46]. We extracted principal components (PCs)

with varimax rotation from call data and ran a parallel analysis

[47] to determine how many PCs to extract from our data. We

saved the PC scores using the Bartlett method and then used the

restricted maximum likelihood to obtain the variance component

estimate (VCE) of the random factors (individual, sex, context, age

class, population) for each retained PC. We weighted the VCE for

each factor by the percentage variance explained by its

corresponding PC to estimate the percentage of variance

contributed by the random factors. As the southern white rhinos

were recorded both in zoological gardens and in wildlife reserves,

we divided them into two groups according to the population

(captive and free-ranging) and included population as a random

factor in the VCE analysis.

The signature information capacity in contact calls was

calculated following Beecher [42], Arnold and Wilkinson [45]

and Carter et al. [46]. We favoured this approach as it allows for a

comparison of signature information content in calls across

different species or sample sizes [42] and it is a standard method

used in many recent papers (e.g. [45,46,48–51]). The information

capacity HS in a particular vocalization is calculated in bits [42].

The value 2HS provides an estimate of the number of individuals,

which can potentially be discriminated on the basis of the call

parameters considered [52]. To avoid any influence of call context

or age class on our results, we calculated HS from the calls of adult

northern and southern white rhinos recorded in isolation. The

total signature information capacity was calculated from VCEs

(obtained by the procedure described above) for individual and sex

differences (SB
2) and within-individual differences ( = unexplained

variation in calls) (SW
2). The total variance (ST

2) is the sum of SB
2

and SW
2. The information in each PC was then summed (Hi = log2

(ST/SW)) to calculate the total information capacity in the call

(HS =gHi) and the repeatability of each PC (SB
2/(SB

2+SW
2))

[42,45,46].

Results

Description of the Pant Calls of Both Species
We recorded 163 calls of six northern white rhinos, which

consisted on average of 1464.7 elements with a call duration

661.8 sec. The mean frequency range was 479461609.6 Hz in

inhalation and 494862119.1 Hz in exhalation. The minimum

frequency of the first and maximum frequency of the third

distribution of the frequency amplitude was 1756139.8 Hz and

917063870.6 Hz, respectively in inhalation and 1066102.1 Hz

and 835163825.6 Hz, respectively in exhalation. We recorded

222 calls of 14 southern white rhinos, which consisted on average

of 962.6 elements with a call duration 460.9 sec. The mean

frequency range was 450461362.6 Hz in inhalation and
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575361678.2 Hz in exhalation. The minimum frequency of the

first and maximum frequency of the third distribution of the

frequency amplitude was 5306260.2 Hz and 1200364269.8 Hz,

respectively in inhalation and 4226206.2 Hz and

1476862757.1 Hz, respectively in exhalation (see Figure 1).

Information Encoded in the Calls of Northern White
Rhinos

The pant calls of northern white rhinos were individually

distinct. A discriminant function analysis assigned 81% of calls

(74% cross-validated) to the correct individual (DFA 1: N = 6

animals, n = 163 calls, Wilks’ lambda = 0.064, p,0.001) (Table 2,

Figure 2). We included nine acoustic variables into this model

(Table 3). Three extracted principal components from this model

accounted for 57% of the total variance in calls. Out of this

variation, 32.4% was explained by individual (14.5%), sex (10.8%),

context (1.5%), interaction between the individual and context

(4.7%) and between the sex and context (0.9%).

The ability to assign calls to individuals slightly increased when

we only included calls recorded from the adult animals in isolation

and 87% of calls (79% cross-validated) were correctly classified

(DFA 2: N = 6 animals, n = 104 calls, Wilks’ lambda = 0.023, p,

0.001) (Table 2). We used the same nine acoustic variables as in

DFA 1. The first three discriminant functions with Eigenvalue.1

explained 94% of the variability. Based on this model, we

calculated the signature information in the pant calls, which was

3.19 bits with a mean repeatability of PCs 0.52.

Information Encoded in the Calls of Southern White
Rhinos

The pant calls of southern white rhinos were classified to the

correct individual with 93% success (83% cross-validated) (DFA 3:

N = 14 animals, n = 222 calls, Wilks’ lambda = 0.0004, p,0.001)

(Table 2) by using 17 acoustic variables (Table 3, Figure 3). Six

extracted principal components from this model accounted for

73% of the total variance in calls. Out of this variation, 38.8% was

explained by individual (9.3%), age class (7.1%), sex (5.0%),

population (3.4%), context (0.6%), interaction between the

individual and context (6.0%), sex and age class (2.8%), context

and age class (1.9%) and further 2.7% of the variation was

explained by other interactions between these factors.

As the calls of some animals were primarily recorded in isolation

and the calls of others primarily in visual contact with group

member(s) (see Table 1), we conducted pDFA to test whether the

calls vary by these contexts while controlling for individual

variation. By using six variables (Table 4), we could correctly

assign 92% of calls (89% cross-validated) (pDFA 1: N = 14

animals, n = 208 calls, p = 0.01). Pant calls of the southern white

rhinos also varied by age class. We classified 88% of calls (86%

cross-validated) to the correct age class when controlling for

individual variation (pDFA 2: N = 14 animals, n = 222 calls,

p = 0.028). We included five variables in this model (Table 4).

We ran another conventional DFA with the calls of adult

southern white rhinos recorded in isolation. This analysis revealed

similar results as the DFA 3 and 90% of calls (84% cross-validated)

were classified to the correct individual (DFA 4: N = 5 animals,

n = 109 calls, Wilks’ lambda = 0.028, p,0.001) (Table 2). We

included eight variables in this model (these variables were also

included in DFA 3) and the first two discriminant functions with

Eigenvalue.1 explained 84% of the variability. Based on this

model, we calculated signature information in the pant calls, which

was 3.15 bits with a mean repeatability of PCs 0.71.

Species Differences in the Pant Calls
We conducted pDFA to assess differences in pant calls between

the northern and southern white rhinos while controlling for

Figure 2. Vocal individuality in pant calls of northern white rhinos recorded in various social contexts. The plot shows the first two
canonical discriminant functions with the centroid values of pant calls for each animal. 1 = Fatu, 2 = Nabiré, 3 = Nájin, 4 = Nesárı́, 5 = Súdán, 6 = Suni.
doi:10.1371/journal.pone.0098475.g002
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individual variation. To avoid any possible influence of age class or

social context on our results, we only included calls from the adult

animals recorded in isolation. Five variables were included in this

model (Figure 4) and 91% of calls (90% cross-validated) were

assigned to the correct species (pDFA 3: N = 11 animals, n = 213

calls, p = 0.01).

Discussion

The Function of Pant Call and Factors Influencing its
Structure

Despite the growing number of papers devoted to the

information encoded in animal vocalizations, such studies have

been completely lacking for the entire family Rhinocerotidae. Policht

et al. [8] suggested that contact call pant of the northern and

southern white rhinos might serve for long-distance communica-

tion. Since we found that pant carries the individual characteristics

of the caller and contains context-, age class- and species-specific

acoustic features, we agree that it could serve as a signal

advertising the identity and state of the caller at longer distances

than can be achieved by visual or olfactory cues, particularly since

the eyesight of rhinos is weak (e.g. [31]). Certain parameters of

mammalian vocalizations can be highly correlated between

relatives [53], however, relatedness does not necessarily affect

the overall acoustic similarity between the animals [53,54].

Although most northern white rhinos in our study were closely

related, it seems unlikely that it would affect our results because the

calls of unrelated individuals (SÚDÁN and NESÁRÍ) clustered in

DFAs 1 and 2 together and also along with other northern white

rhinos. Only two pairs of the southern white rhinos were related

(see Table 1).

We found that pant calls of the southern white rhinos varied by

age class and social context in which they were recorded. Although

the differences were not statistically significant, subadults produced

calls with shorter total duration and with shorter duration of the

longest and shortest exhalation than adults. This is in accordance

with our expectations since the smaller animals have smaller lungs

and less air volume available for calling. They should therefore

emit shorter calls than the larger animals [55]. The five

parameters, which we used to classify the calls according to the

context also included a number of elements in the calls. The calls

emitted in isolation contained more elements than the calls

emitted in visual contact with group member(s). More frequent

repetition of elements in the pant call could serve to better locate

an isolated individual by the group member(s). In king penguins,

more frequent repetition of syllables helps the chicks to better

locate their parents because of the background noise of the colony

[56]. However, when we studied the differences between the age

Table 2. Classification success of pant calls of northern and southern white rhinos in conventional discriminant function analyses
conducted with calls recorded from all the animals in various contexts (DFAs 1, 3) and with calls recorded only from the adult
animals in isolation (DFAs 2, 4).

Individual Sex Calls recorded in various contexts Calls recorded in isolation

% correctly classified
% correctly classified
cross-validated

% correctly
classified

% correctly classified
cross-validated

Northern white rhinos:

DFA 1 DFA 1 DFA 2 DFA 2

Fatu F 85.7 68.6 83.3 79.2

Nabiré F 75.5 75.5 75.0 70.8

Nájin F 79.4 76.5 87.5 75.0

Nesárı́ F 86.7 66.7 100 83.3

Súdán M 77.8 72.2 94.4 83.3

Suni M 100 100 100 100

Southern white rhinos:

DFA 3 DFA 3 DFA 4 DFA 4

Ada F 100 91.7 100 83.3

Kathi F 95.7 95.7 93.8 81.3

Kifaru F 85.7 71.4 85.7 81.0

Munyani F 97.1 88.6 80.0 80.0

Yeti F 88.9 55.6 – –

Malia F 100 71.4 – –

Tamu F 68.4 63.2 – –

Naja F 94.1 88.2 – –

Zanta F 96.2 84.6 – –

Natal M 100 96.0 100 92.0

Medupi M 100 90.0 – –

Lekoto M 60.0 60.0 – –

M06 M 100 100 – –

Bert M 100 60.0 – –

doi:10.1371/journal.pone.0098475.t002
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classes and social contexts in the southern white rhinos, both age

class categories (adults and subadults) included calls recoded in

various social contexts. Similarly, the tested categories of the social

context included calls recorded from both the adult and subadult

animals (see Table 1). Consequently, we cannot exclude that the

differences between the social contexts were not influenced by the

differences between the age classes and the other way around.

Further studies are therefore necessary to confirm our results.

Pant calls of all four subadult southern white rhinoceros males

clustered together in DFA 3 and the calls of adult northern white

rhinoceros male SUNI were clearly separated in DFAs 1 and 2

from the calls of other rhinos. This could indicate the influence of

Figure 3. Vocal individuality in pant calls of southern white rhinos recorded in various social contexts. The plot shows the first two
canonical discriminant functions with the centroid values of pant calls for each animal. 1 = Ada, 2 = Kathi, 3 = Kifaru, 4 = Munyani, 5 = Yeti, 6 = Malia,
7 = Tamu, 8 = Naja, 9 = Zanta, 10 = Natal, 11 = Medupi, 12 = Lekoto, 13 = M06, 14 = Bert.
doi:10.1371/journal.pone.0098475.g003

Table 4. Differences in the acoustic parameters of pant calls of the southern white rhinos between the social contexts (pDFA 1)
and age classes (pDFA 2).

Acoustic variable1 Short description Mean6sd2
p-value3

pDFA1 In isolation In visual contact

No. of elements Number of elements in call 10.662.58 7.662.76 0.07

I: fp1amax Maximum amplitude of 1st global frequency peak (relative amplitude) 637.26403.48 276.36218.61 0.20

I: peak freq (max) Frequency of maximum amplitude of spectrum [Hz] 1107.66369.36 1713.56482.16 0.10

I: q3med Median frequency of 3rd distribution of frequency amplitude [Hz] 3188.76894.02 4785.661384.89 0.14

E: q3med Median frequency of 3rd distribution of frequency amplitude [Hz] 3852.561075.60 7463.261719.25 0.049

E: df1end End frequency of 1st dominant frequency band [Hz] 771.936472.60 583.26500.38 0.27

pDFA2 Adults Subadults

Call duration Duration of the call [sec] 4.660.90 3.460.98 0.23

E: max element length Duration of the longest exhalation in call [sec] 0.660.14 0.460.11 0.08

E: min element length Duration of the shortest exhalation in call [sec] 0.360.10 0.260.06 0.23

E: fp1amean Mean amplitude of the 1st global frequency peak 135.46110.06 34.1637.71 0.04

I: ampratio1 Amplitude ratio between 1st and 2nd dominant frequency band 1.360.55 0.860.25 0.01

1I = variable measured in inhalation, E = variable measured in exhalation.
2The data were calculated as averages of mean values/individual.
3Significance of Mann-Whitney U tests after sequential Bonferroni correction.
doi:10.1371/journal.pone.0098475.t004
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age class and social status on the call structure of males. The bull

SUNI was kept in the stables with females and with an adult male

SÚDÁN, whose calls clustered together with the calls of the

females. We think that SUNI might have had a subordinate status

as he vocalized with the pant call and answered the playbacks of

pant only in the enclosure, where he and not SÚDÁN had access.

Unlike SÚDÁN, SUNI was not observed to vocalize with pant call

in the stables or in the enclosure, where both bulls had access in

turns and where they used olfactory territorial markings. The

coding of male social status has also been recorded in squeals [57]

and contact whinny calls [22] of horses.

Species Differences in White Rhinoceros Vocalizations
Signals evolve in correlation with sensory systems, signalling

behaviour and micro-habitat choice [58]. Policht et al. [59] found

the link between the acoustic parameters of long-range calls and

social system in equids. The northern and southern white rhinos

have a similar social system [10,14,38,41,60], however, the

northern males produce a unique repetitive call hoarse. All three

adult northern white rhinoceros males studied by Policht et al. [8]

(two of them were also included in our study) produced hoarse

calls primarily during non-social activities such as feeding with its

mean duration being 26 sec. Both northern males in our study also

vocalized with a hoarse call during almost all feeding bouts. We

did not record a hoarse call, however, in any of the three studied

captive adult southern white rhinoceros males (two of them were

not included in the results due to the low number of recorded pant

calls from them) or in the adult males (n = 4) observed during

feeding in several zoos, which we visited. This corresponds with

the observations concerning the free-ranging southern white

rhinos; no hoarse call was recorded during the studies of 11 adult

males by Cinková et al. [61] and Cinková and Policht (unpub-

lished data) or during the long-term behavioural study by Owen-

Smith [10]. A hoarse call could therefore be considered an

apomorphy of the northern white rhinoceros, although, its

function remains unclear. This question could be tested by

playbacks of this call to both species, but unfortunately only three

northern males are currently known to survive.

Species distinction in white rhinoceros puffing and growling

sounds was not found by Policht et al. [8], however, their study

only included three southern white rhinos, which prevented them

from performing a more detailed comparison. We found that the

pant calls of northern and southern white rhinos could be classified

to a correct species with a high accuracy. This may be the result of

the repetitive character and more complex structure of pant calls

in contrast to the puffing or growling sounds.

The sensory drive hypothesis for divergence in sexual signalling

between closely related species emphasises the adaptation of

communication systems to local environments [62]. The southern

white rhinos in Kruger National Park in South Africa, where their

largest population is found [63], prefer a habitat with good quality

short grasses and an open to moderate low shrub stratum in

woodland or tree and bush savannah not far from a water source

[64,65]. The northern white rhinos are most probably extinct in

the wild [66], however, they formerly lived in a wetter habitat with

numerous watercourses and marshes in the open long grass

savannah in Garamba National Park in the Democratic Republic

of Congo [67] or in the Shambe area in the Sudan in seasonally

flooded grasslands, wooded savannah and swamps [68]. As the

genetic divergence indicates a separation time over a million years

between the northern and southern white rhinos [27], ecological

differences could have affected certain parameters of their

vocalizations. Lower frequencies of pure tones attenuate (lose the

signal intensity) more rapidly in grassland than in marsh habitat

due to the ground effect [69]. A longer call duration, a lower

minimum frequency of the first distribution of frequency

amplitude and less noise in an inhalation of northern white

rhinoceros pant calls might possibly serve to increase the chance of

signal detection in a wetter habitat and therefore be favoured in

selection.

Individual Signatures in Pant Calls
We showed that pant calls of both species can be classified to

correct individuals with a high success, however, pant calls were

also highly variable within individuals. The total information

capacity of the pant calls of adult northern and southern white

rhinos recorded in isolation was modest (3.19 and 3.15 bits,

respectively) and would allow for a discrimination of approxi-

mately nine individuals of both species based on the call

parameters used [52]. Budde and Klump [6] tested the harmonic

begging calls of captive black rhinos for individual differences, but

found only low inter-individual variation. White rhinos are the

most social of all the rhinoceros species [9–14] and in evolution,

their sociability might select for an increased need to discriminate

individuals. In sciurid rodents, species living in larger social groups

have more signature information in their alarm calls than species

living in smaller groups, which indicates a strong evolutionary link

between the social group size and the vocal individuality [49]. The

most common group size of females, subadults and juveniles of

Figure 4. Differences in acoustic variables between the
northern (NWR) and southern (SWR) white rhinos. The analysis
only included calls of adult animals recorded in isolation. Median, box:
25–75% quartile6maximum, minimum value. Q1min = minimum fre-
quency of the 1st distribution of the frequency amplitude, Pftotmax = -
frequency of the total maximum amplitude, Quart25 (std) = relative
standard deviation of 25% quartile measured from all spectra between
the start and the end of the element, Noise = percentage of noisy time
segments. Results of Mann-Whitney U tests after sequential Bonferroni
correction: *p = 0.07, **p = 0.04.
doi:10.1371/journal.pone.0098475.g004
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southern white rhinos is 2–3 individuals although long-term

associations of up to six animals have also been observed [10,15].

The signature information of the pant calls would therefore be

sufficient for vocal recognition between the members of the

groups, between territorial and subordinate males or neighbouring

territorial males. A similar information capacity, which we found

in pant, was described in marmot alarm calls (3.37 bits) [70] and

the playback experiments revealed that the marmots were indeed

able to extract this information as they discriminated between the

alarm calls from different individuals [19].

Conclusions

The variation between individuals, species, contexts and age

classes which we found in the contact pant call of northern and

southern white rhinos represents the first information reported

concerning any rhinoceros call. Playback studies are now needed

to investigate if the rhinos are able to extract this information.

Understanding the communication of white rhinos is critical as the

lack of social relationships with conspecifics and arising commu-

nication problems amongst captive rhinos might be one of the

contributing factors to their low reproduction. This is crucial

particularly for the northern white rhinoceros, which ranks among

the most endangered mammals in the world. A knowledge of

chemical communication and manipulation of chemosignals has

been very successfully implemented, for instance, in the captive

breeding programme of giant pandas [71]. We emphasize the

need for further research on rhinoceros communication and

believe that manipulated communication signals might potentially

be used in rhinoceros conservation and management and might

help to encourage breeding in captive rhinos.

Supporting Information
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38. Kuneš M, Bičı́k V (2002) Social and sexual behaviour in captive breeding groups

of white rhinoceros. Acta Univ Palacki Olomuc, Fac Rer Nat, Biol 39–40: 81–
99.

39. Swaisgood RR, Dickman DM, White AM (2006) A captive population in crisis:

Testing hypotheses for reproductive failure in captive-born southern white
rhinoceros females. Biol Conserv 129: 468–476.

40. Metrione LC, Penfold LM, Waring GH (2007) Social and spatial relationships in
captive southern white rhinoceros (Ceratotherium simum simum). Zoo Biol 26: 487–

502.
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61. Cinková I, Ganslosser U, Kretzschmar P (2009) Social behaviour of southern

white rhinoceros (Ceratotherium simum simum) in game reserves in South Africa. 7th

International Conference on Behaviour, Physiology and Genetics of Wildlife in

Berlin, Germany, 21–24 September 2009.

62. Boughman JW (2002) How sensory drive can promote speciation. Trends Ecol
Evol 17: 571–577.

63. Milliken T, Shaw J (2012) The South Africa – Viet Nam Rhino Horn Trade

Nexus: A deadly combination of institutional lapses, corrupt wildlife industry
professionals and Asian crime syndicates. Johannesburg: TRAFFIC. 173 p.

64. Pienaar DJ, Bothma J du P, Theron GK (1992) Landscape preference of the

white rhinoceros in the southern Kruger National Park. Koedoe 35: 1–7.

65. Pienaar DJ, Bothma J du P, Theron GK (1993) Landscape preference of the

white rhinoceros in central and northern Kruger National Park. Koedoe 36: 79–

85.

66. Emslie R (2011) The IUCN Red List of Threatened Species. Ceratotherium simum

ssp. cottoni. Available: http://www.iucnredlist.org/details/4183/0. Accessed 12

March 2014.

67. Hillman-Smith K (1987) Northern white rhinos in Garamba National Park.

Pachyderm 9: 19–22.

68. Hillman-Smith K (1982) Sudan, white rhino – Proposed Shambe National Park.
WWF Yearbook 1982: 273–276.

69. Cosens SE, Falls JB (1984) A comparison of sound propagation and song

frequency in temperate marsh and grassland habitats. Behav Ecol Sociobiol 15:
161–170.

70. Blumstein DT, Munos O (2005) Individual, age and sex-specific information is

contained in yellow-bellied marmot alarm calls. Anim Behav 69: 353–361.

71. Swaisgood RR, Lindburg D, White AM, Zhang H, Zhou X (2004) Chemical

communication in giant pandas: experimentation and application. In: Lindburg

D, Baragona K, editors. Giant Pandas: Biology and Conservation. Berkeley:
University of California Press. 106–120.

Contact Calls of the Northern and Southern White Rhinoceros

PLOS ONE | www.plosone.org 12 June 2014 | Volume 9 | Issue 6 | e98475



1 

Supporting information 

Table S1. Description of acoustic variables entered into the discriminant function analyses. 

Acoustic 
variable1 

Description Software Inclusion of parameter 
into DFAs2 

DFA 1,2 DFA 3 DFA 4 
Call duration Duration of the call [sec] Avisoft * 
No. of elements Number of elements in call Avisoft * 
I: max element 
length 

Duration of the longest inhalation in call [sec] Avisoft * 

E: max element 
length 

Duration of the longest exhalation in call [sec] Avisoft * * * 

I: min element 
length 

Duration of the shortest inhalation in call [sec] Avisoft * * 

I: no. in cat. 1,2 
– percentage

Percentage of inhalations in duration from 0.0–0.4 sec (= 
in categories 1,2) from the total number of inhalations in 
call 

Avisoft * * 

E: no. in cat.1,2 No. of exhalations in call in duration from 0.0–0.4 sec (= 
in categories 1,2) 

Avisoft * 

E: duration Duration of exhalation [sec] Avisoft * * 
Order longest 
inhalation 

Order of the longest inhalation in call Avisoft * * 

I: peak 
frequency (max) 

Frequency of maximum amplitude of the spectrum [Hz] Avisoft * * 

I: entropy 
(mean) 

Ratio of geometric mean to the arithmetic mean of 
spectrum; allows to quantify the randomness of the 
sounds 

Avisoft * 

I: entropy (std) Ratio of geometric mean to the arithmetic mean of 
spectrum; allows to quantify the randomness of the 
sounds 

Avisoft * 

I: hnr (std) Ratio of harmonic to nonharmonic energy Avisoft * * 
I: ampratio2 Amplitude ratio between 1st and 3rd dominant frequency 

band 
LMA * 

I: ampratio3 Amplitude ratio between 2nd and 3rd dominant frequency 
band 

LMA * 

I: q3min Minimum frequency of the 3rd distribution of frequency 
amplitude [Hz] 

LMA * 

I: ranmean Mean frequency range [Hz] LMA * * 
I: fp1amax Maximum amplitude of the 1st global frequency peak 

[relative amplitude] 
LMA * 

I: df3mean Mean frequency of the 3rd dominant frequency band [Hz] LMA * 
I: pfmin Minimum peak frequency [Hz] LMA * * 
E: fp1amean Mean amplitude of the 1st global frequency peak [relative 

amplitude] 
LMA * * 

E: pftotmax Frequency of the total maximum amplitude [Hz] LMA * 
E: pftrmean Mean deviation between peak frequency and linear trend 

[Hz] 
LMA * 

1I = parameter measured in inhalation; E = parameter measured in exhalation; (max) = parameter measured at the 
location of maximum amplitude; (mean) = parameter derived from the mean spectrum of entire element; (std) 
parameter is computed for all spectra between the start and the end of each element and the relative standard 
deviation of these parameters is calculated, this parameter can be used for quantifying frequency or amplitude 
modulation.   



2 

2An asterisk shows if particular variable was included in DFAs: DFA 1 = DFA conducted with calls of all the 
northern white rhinos recorded in various contexts, DFA 2 = DFA conducted with calls of adult northern white 
rhinos recorded in isolation, DFA 3 = DFA conducted with calls of all the southern white rhinos recorded in 
various contexts, DFA 4 = DFA conducted with calls of adult southern white rhinos recorded in isolation.  

Table S2. Descriptive statistics of acoustic variables entered into the discriminant function 

analyses. 

Descriptive statistics were calculated as averages of mean values/individual and included pant calls recorded 
from all the animals in various social contexts. I = parameter measured in inhalation, E = parameter measured in 
exhalation.     

Acoustic variable Northern white rhinos Southern white rhinos 
Mean sd Mean sd 

Call duration [sec] 6.1 1.76 3.9 0.95 
No. of elements in call 14.1 4.67 9.2 2.64 
I: max element length [sec] 1.0 0.25 0.6 0.23 
E: max element length [sec] 0.4 0.17 0.4 0.13 
I: min element length [sec] 0.3 0.11 0.2 0.07 
I: no. in cat. 1,2 – percentage 0.6 0.19 0.7 0.2 
E: no. in cat. 1,2 6.2 2.49 3.3 1.65 
E: duration [sec] 0.3 0.09 0.3 0.08 
Order longest inhalation 3.6 3.73 3.5 2.51 
I: peak frequency (max) [Hz] 967.3 695.79 1345.5 439.14 
I: entropy (mean) 0.3 0.06 0.4 0.05 
I: entropy (std) 0.1 0.05 0.1 0.04 
I: hnr (std) 0.1 0.04 0.1 0.03 
I: ampratio2  1.5 0.72 1.4 0.67 
I: ampratio3 1.4 0.41 1.3 0.31 
I: q3min [Hz] 1542.0 658.91 2346.7 753.57 
I: ranmean [Hz] 4793.6 1609.58 4504.6 1362.65 
I: fp1amax 305.9 293.22 496.5 333.56 
I: df3mean [Hz] 2578.1 853.86 2532.5 736.07 
I: pfmin [Hz] 84.5 96.64 222.9 194.17 
E: fp1amean  92.8 123.32 77.5 68.72 
E: pftotmax [Hz] 326.6 449.38 930.9 675.68 
E: pftrmean [Hz] 895.1 620.55 1438.6 624.27 
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Abstract Communication in rhinos is primarily mediated 
by the voca!1 and olfactory signals as they have relati vely 
poor eyesight. White rhinos are the most socia l of aU the 
rhinoceros species. they defecate at common dungheaps 
and the adult bulls use dung and urine to mark their lelTi 
tory. Cbemi cal COlllmun ication may therefore be particu
larly import.ant in the social interactions of white rhinos, 
and its knowledge could be very helpful in Iheir manage
ment and conservation. However, no studies have investi 
gated up until now the olfactory di scrimination in any 
rhinoceros species in the wild. We have experimentaUy 
studied the reactions of the wild southern white rhinos 
(Cer(lforherilll1l silllllm ) to the dung of fa miliar and unfa
miliar adult females and adult territorial males. We regi s
tered the number of sniffing event". the duration of sniffing 
and the latency of the vigilance posture from the onset of 
sniffing. The dung of unfami liar rhinos was sniffed longer 
than Lh aL of familiar rhinos. The rhinos showed a shorte r 
latency of vigilance posture to the familiar dung of males 
than that of females. For unfamiliar dung, Lhey di splayed a 
shorter latency of vigilance posture to female lban male. 
clung. Our resulls indicate that the rhinos are able 10 
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di sc riminate the familiarity and sex of conspecifics from 
the smell of Lheirdung. Olfactory cues cou ld Lherefore play 
an important ro le in Lhe social relationships and spatial 
organ ization of the soulhern white rhinoceros. 

Keywords Southern white rhinoceros· CerafOlheriul1I 

simllm . Olfactory di sc rimination , Commun ication 
Dung· Familiarity 

Introduction 

Olfactory signa ls have an advantage in that they persist for 
some period of lime in the absence of the depositor and 
allow the receive rs to spec ifically assess ce .1ain parameters 
of thei r social environment (Eisenberg and Kleiman 1972). 
Terrestrial ve rtebrates perceive olfactory signals via the 
main olfactory system. which is receptive 10 volatile sig
nals and Ihrough the vomeronasal system, which primarily 
processes non-vo latile pheromones (rev iewed by Dulac and 
Torello 2003). Olfactory signals often play an importan t 
role in the communicat ion ofun gulales (Grau 1976), which 
have a we ll -developed vomeronasal organ (Eisenberg and 
Klei.l1lan 1972). Vocal and olfactory signals are ex tremely 
important for communication in rhinos as they have an 
excellent sense of hearing and smelling, but relati vely poor 
eyes ight (Penny 1987). Cinkova and Policht (20 14) have 
recently determined that the contact call s of white rhinos 
conlain information Oll the individual identity, age class. 
contex t and species of the caUer (northern versuS southern 
white rh inoceros) and similar in fonnation about the sig
naJler may be present in their olfactory cues. Scent-mark
ing behaviours provide honest signals of compet iti ve 
ability and quality of the signaller to conspecifics in 
mammals. The receivers assess the signalle rs by use of 
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intrinsic information (for instance, the density of markings 
or the conclentration of hormones), by using memori zed 
in formation about past opponents and their odours o r by 
scent match ing (Gosl ing and Roberts 200 1). Accord ing to 
the scent matching hypot hesis. the receiver identifies that 
an individ ual is a resource holder and a high-status animal 
only after meet ing it and mUlChing its odour to the recei
ver' s memory of the individual's scent marks (Gosling 
1982). 

OlfacLOry cues allowing for the discrim inat ion of indi
vidual identi ty, sex or familiarity in mammals can be 
contained. ~or instance, in faeces (horse: Rubenstein and 
Hack 1992; Krueger and Flauger 20 11 ; domestic cat: 
Nakabayash:i et al. 20 12; black rhinoceros: Linklater et aL 
20 13), urine (giant panda: White et al. 2004 ; African e le
phant: Bates e t al. 2008: koala : Charlton 2014), body odour 
(horse: Peron et al. 2014), anogen itai g land secretion 
(brown bear: Jojola et al. 2012) or in a combination of 
exlours from anogenital scent marks, urine, faeces and the 
pe lage (g iant panda: Swaisgood el al. 2(00). Urine marks 
can also allow the di sc rimination of one' s own urine from 

the urine of othe r familiar conspec ifi cs (domestic dog: 
Bekoff 200 I) . 

Apart from the pedal glands that have been reported in 
Indian and Javan rhinos (Cave 1962) and the preputi a] 
g lands in tbl~ white rhinoceros (Cave 1966). rhi nos do no t 
have any special ized scent glands. Dung, urine and gen
eral bexly odour thus seem to be the only carrie rs of scent 
cues in the wh ite rhinoceros (Owen-Smith 1973). White 
rhinos def(;~cate at common dungheaps and , when 
encollntering a dunghcap. ofte n pause to sniff at dung 
accumulation for some time (Owen-Smith 1973). The 
adult females, subadulls and juveniles of southern white 
rhinos live in overlapping home ranges in groups con
sisting Illost freque ntl y of two to three individuals (Owen
Smith 1973 .. 1975; Shruder and Owen-Smith :m02) . The 
adult males are solitary and defend territories. which are 
exclusive of the territori es of other males. They mark 
thei r territory. including its boundaries, by kicking 
movements before a nd after the defecation to scatter their 
dung and by spray lIrin ~lli on , which is preceded by scrape 
marking (Owen-Smith 197 1, 1973, 1975 : RachJow et al. 
1999). 

Marking of the territory boundaries is reported more 
often than marking towards the centre of the te rrito ry, 
which is. however, more usual in very large territor ies 
(rev iewed by Gos li ng and Roberts 200 1). Kretzschmar 
el al. (200 I) obse rved that the spray marks of adull 
sou thern white rhinoceros males were located close r to the 
tenitory border than their dung. Dung might therefore 
provide more information about the movements of an 
animal aro und its tcrri tory . In contrast to southcrn white 
rhinoceros females. who onl y rare ly scrape the i_r dung after 
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defecation (Owen-Smith 1973), black. rh.inoceros females 
scrape mark more often and the length of the scrapings 
carries the info rmation about their reproductive state. The 
length of the sc rapings increases in both male a nd fema le 
black rhinos with age (Freeman et al. 2014). 

Groves et a l. (20 10) have recentl y suggested that two 
di stinct fonns of the white rhinoceros shou ld be elevated 
from the subspecies to the species level. the sOLlthern white 
rhinoceros (Ceralollte rium silllum) and the northern white 
rhinoceros (Cerafolh erium C01lOlIi) . which hus also lately 
becn referred to as the Ni le rhinoceros (c.g. Rookmaaker 
20 11 , Rookmaake r and Antoine 20 12) following Helier 
(1 913). The population of the northern white rhinoceros 
presentl y consists of onl y seven animals, which makes it 
one of the most e ndangered ma mmals in the world. The 
numbers of the sou thern white rhinos are estimated to be 
20,424, but poaching fo r the i_r horn is currentl y on a rapid 
increase (Knight 2013). 

White rhinos have very low reproducti ve success in 
capti vity, and both females and males often suffe r from 
reproduc tive palho log ies (Hermes et a l. 2005 , 2006). Social 
interactions between the captive rhinos might be one of the 
possible reasons for the low reproduction (Meister 1997: 
Swaisgood ct a l. 2006; Melrione el al. 2007; Cinkovcl a nd 
Bicfk 2013 ; Cinkova and Polich t 20 14). White rhinos are 
the 1110St social out of all the rhinoceros spec ies (see 
Goddard 1967; Owen-Slllith 1973, 1975 ; Lauric 1982 ; 
Penny 1987 ) and develop a network of soc ial re lationships 
in the wild wi th their conspecifics inhabit ing the same area 
(Owen-Smith 1973. 1975). This is not available, however, 
to the rhinos li vi ng in the limited e nvironments of zoo
logical garde ns. A better understanding of che mical com
munication in another species wi th low reproduct ive 
success in capti vity, the giant panda, has substantiall y 
helped improve their breeding programme (Swaisgood 
ct al. 2000. 2003). The use of rhinoceros dWlg has been 
suggested as a management tool to help stimulate the 
reproductive and territorial behaviour of captive rhinos 
(Follraker and Wagener 1996) and to ass ist the manage· 
me nt of wild rhinos (LinkJater et al. 2006). LinkJaler et al. 
(2013) have recently experi mentall y studied o lfactory d is· 
crimination in tcmporarily capt ive black rhinos. Studies on 
the o lfactory communication of white rhinos. however, 
remai n main ly descriptive and anecdotal. 

The aim of thi s study was to te st whether the wild 
southern white rhinos are able to discriminate famili ari ty 
and sex of their conspeci fics from the sme ll of their dung. 
To our knowledge, no such stud y has ever been conducted 
on an y rhiJIOceros species in the wi ld . Dung is more easily 
co llected than urine, and we tested the reactjons of the 
rhinos to the fresh dung as we were unsure how long 
possible olfactory cues allowing the di scrimination of 
familiarity and sex could persist in the dung. 
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Table I Characteristics of the 
test subjects and their inclusion 
in parli r.; ular treatment s 

a The fi ve anima ls who were 
used us a test subjc(;t for U1C 

second lime 

Melhods 

Subject 

Shrck 

Sophie 

SUS<l11 

Dikgcto" 

M06ij 

Henrie" 

Pnri !< 

Sum 

Chri sty 

Victor 

Rosy 

Lucy 

Mam<lsita" 

Air 

Ted 

Rosebud 

8absB 

MOlop; 

Belly 

Kedibonc 

Dikgeto 

NnC'tc 

Sidney 

Mamasim 

Rubee 

M06 

Hcnrie 

Murphy 

Babs 

Study area. animals and sample collec tion 

Age class Sex 

Adult M 

Adult F 

Adult F 

Subadult M 

Subadult M 

Suhadul! M 

Subadult F 

Juvenile M 

Juvenile F 

Adult M 

A dul1 F 

Adult F 

Adult F 

Subadult M 

Juvenil e M 

Juvenile F 

Juvenile P 

Adult M 

Adult F 

Adult F 

Subadult M 

Juvenile F 

Adult M 

Adult F 

Adult P 

Subadult M 

Subadult M 

Juvenile M 

Juvenile F 

Olfactory commun icat ion in the wi ld sou thern white rhinos 
was slUdied from May- December 20 12 in Welgevonden 
Game Reserve (375 km 2

) and in Lapalala Wi lderness 
(360 km2

) situated in the Watcrberg BioSphere Rese rve in 
the Limpopo Province, South Afri ca. 

Both reserves are fenced and are siLuated approximately 
50 kill apar!.. The vegetation of bOlh reserves belongs to the 
savanna biome and is characteri zed as Waterberg moist 
moun ta in butshve ld. The annual ra in fa ll in this area vari es 
fro m 650 (0 900 mm , and the altitude ranges from 1,200 (0 

1.500 III (va n Rooyen and Bredenkamp 1996). 
We studied the reac tions of 24 individua lly recogn izable 

rhinos to the- dung of familiar and unfamiliar ad ult females 
and adu lt terri torial males. We included in the study an i
mal s of all sex- age classes except for ca lves younger than 
6 mon ths (Tab le I). Females were regarded as ad ul ts at 
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Donor's famil iarity Donor' s sex Donor's n;lmc Sample number 

Unfamiliar F Lahata 

Unfamiliar F Mohlaki 2 

Unfamiliar F Kedibonc 3 

Unfamiliar F Rosy 4 

Unfamiliar F Kedibone 5 

Unfamiliar F Mohlaki 6 

Unfamiliar F Mohlaki 6 

UnfumiliaT F Kcdibonc 3 

Unfamiliar F Mohlaki 2 

Familiar F Mamasila 7 

Familiar F Sophie 8 
F;'lmiliar F Gill 9 

Familiar F Rosy 10 

Familiar F Nandi 11 

Familiar F Nandi 11 

Familiar F Mamasil:! 12 

Familiar F Rosy 10 

Unfamiliar M Sidney 13 

Unfamiliar M MOlopi 14 

Unfamiliar M Victor 15 

Unfamiliar M Victor 16 

Unfamiliar M Victor 15 

Flllniliar M Victor 17 

Familiar M Victor IS 

Familiar M Shrck 19 

Familiar M Victor 10 

Fallli1i:lr M Victor 20 

Familiar M Shrek 19 

Familiar M Victor IS 

6.5- 7 years of age when their first calf is usually born and 
males between 10 and 12 years of age when they achieve 
socio-sexual maturity and become sol it ary. The subadult 
period St<u1S at 2-3 years of age when the j uveniles are 
driven away by their mothers after the bil1h of a subsequent 
calf (Owen-Smilh 1973 . 1975). 

The dung used in the experiments was only collected 
when an ad ult fe male or an adult territoria l male was 
observed to defecate, and we were certa in abou t their 
identity. A 2 kg dung sample was pl aced into air-l ight 
plastic containers, deep froze n at -20 °C the same day and 
used in an experiment up to a maximum of 4 months later 
(four samples were stored al only _5 °C for 5- 14 days 
before being used). Before an experi ment, the samples 
were left for 24 h 10 unfreeze at room temperatu re and 
were used within 12 h after defrosting. We used a total of 
20 dung samples from eigh t adul t fe males and four adu lt 
territorial males in the experiments (see Table I). 

The dung lIsed as unfam iliar in Welgevonden Game 
Reserve was imported from Lapalala Wi lderness and vice 
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versa in ordl~r to be certain that the test subject had neve r 

come in contact with the donor. Familiar dung was col ~ 

leeted from the animals which inhabited the same home 
range as Lh l~ test subject. We never lIsed dun g from a 
member of <I. subject' s group as famili ar dun g. Companio ns 

from the same group only rarely move further apart than 25 

metres and re main wi thin five metres distance the majority 
of the time (Owen-Smjth 1973). Finding the fresh dung of a 

companion at a pl ace where the group has just arri ved 

could therefo re a lte r the reactio ns of the suhjec Is. 

Experimental des ign 

The rhinos were followed by car or on foot. and when the 

animals seem ed to be wa lking in the direction of a dung

heap where no fresh dung was present, an experime nter 
placed a 2 kg dung sample there . The tri als were o nl y 
conducted o n dry days to prevent rain from washing away 

the scenl from the samples. The dung was placed mo re than 

one rhino body leng th from the nearest dung pile, and the 
experime nte r the n mo ved away. The di stance moved away 

from the sample differed between the experiments. 
depended 0 11 the structure of the habitat (dense o r open) , 

and always allowed a clear view of the study p lace. The 
experimente r paid special attention that the rhinos would 

not see her plac ing the dun g near the dungheap and that Ihe 
behaviour of the rhi nos would nol be di sturbed in any way. 

The reaction.s of the rhinos were v ideo~ recorded for 5 min 

using a Canon Legria HF M3 l dig ital camcorder. Reac
tions were o nl y counted if the subject was up to a di stance 

of o ne rhino body length from the sample. A ll the subjects 
fini shed in vc:sti galing the dung and left [he place before the 

end of the observation period. After an experi ment fin

ished . the dung was removed. 
In all the successful trials, the dung was approac hed by 

the rhinos within 80 min. If no animal approached the 

sample in a maximum of 90 min , but sometimes sooner, it 
was re moved as the dung beetles usuall y began re moving 

the dung by thi s time (the activity o f dung beetles and the 
intens ity of dun g re moval increase with increasing air 

te mperature, see Davis 1996) and we tri ed to maintain the 

same amo unt of samples in al l the tri als. The triaJ began 

when a subject stal1ed sniffing the dung as thi s was the o nl y 
way wc cou ld be sure that the subject was aware of it. 

An atte mpt was made to balance the number of animals 

of eac h sex-·age class in the treatme nts. Due to diffi culties 
with data co llecti on, however, it was not possible 10 

include the same number of anima ls of each sex-age class 

in each treatment. The inclusion of certain a nimals in 

particular tre atment s was often rando m as it depended on 

the availabiJity of unfrozen experime ntal dung on the 
particular day. -We also did not know which a nima ls we 

wou ld be able to locate that day. A number o f Lrial s were 
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not successful: the rhinos ofte n did not approach the 
experimental dung as it was very difficult to predict the 
exact d irectio n where they were heading so that we could 

place the dung sample the re. Since the adult territorial bulls 

seemed to react to the dung samples the most intensively 
(including walking or running around and tl)' ing to find the 

depos itor), we included the same number of bull s in each 

treatment. Adult bull s are territoriaL (Owe n-Smith 1971, 

1973, 1975; Rachlow e ' al. 1999), and ,here are usually 

more adult females . subadults and juveniles in the reserves 
than there are ad ult bulls . Due to the limited number of 

bull s at our study sitcs, we could e ither incl ude onl y onc 

bull in each Irea tment o r none. In o rder to increase the 

sample size. wc included one bull in each treatment. 
We o nl y reg istered the reacti o ns of a maximum of the 

first two rhinos from the same group who came to sniff the
same sample (as lo ng as no rhinoceros urinated o r defe

cated near the sample, which might alter the reactions of 
others) in order to keep the repetition of the same stimulus 

to a minimum. Most of1en, only one or two rhinos came to 

sniff the sample although ill two cases. more animals from 
the same group arri ved (once. fi ve and o nce three animals). 

Five rhinos were used as a te st subject twice (always in two 

different treatments). and we allowed a mean time of 

63 days between the consecuti ve tri a ls Oll each of these 
animals (ranging from 3 days to 4 months) (see Table 1). 

Thi s approach was the o nly prac ti ca l solution to our 

problem with sample s ize give n the diffi culty of co llecti ng 
these data on wild aru maJs (Wi ley 20(H). We were careful 

to assign animal ide ntii y and sample number as random 
factors in stati stical anal yses fo llowing Webste r et al. 
(201 2). who were also dealing with a similar problem in a 

rare and di ffi cult-to-study species when they investigated 

behavioural responses of African wild dogs to the playbac k 

experiments. 

Anal yses 

The video recordings were analysed Ll sing the Acti viti es 

2. L computer programme package (V rba and Domit 1993). 

We reg istered the num ber of snif fing event s, the duration of 

the sn.iffing and the latency of the vig ilance posture from 

the o nset of sniffing which occurred up to a di sta nce of o ne 
rhi no body le ngth from the sample . Such methods arc 

commonly applied in analyses of o lfactory d iscrimination 

in other mamma ls including ungulates (Rubenste in and 
Hack 1992; White et a!. 2004; Krueger and Flauge r 20 11; 

Jojo la et al. 20 12; Nakabayashi e t a l. 2012; Linklater e t aL 
20 13~ Chamaillc-Jammcs et al. 2014; C harlton 2014). All 

t.he experiment s in the field were conducted , and a ll the 
video recordi ngs were analysed, by one expe rimenter (lC) 

to avoid any inter-observe r variati on. Sni ffi ng was defined 

as slanding with the head down, above or nex t to the 
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sample and with the nose within approximately 20 c m 
fro111 the sample. Sniffing was oflen confirmed by a clearly 
visible mo ve:ment of the nostril s. The vigilance posture was 
defined as s1anding and rai sing the head, looking and li s
te ning: the animal was either scanning the surroundings or 
had it s gaze and ears fixed in a ce rta in direction. If a subject 
did not assume the vigilance posture, a latency of 5 nun 
was assigned. 

AJI the analyses were performed with [BM SPSS Sta

ti sti cs 20.0 (IBM Corp" Armonk, USA). and we regarded 
all results with P value <0.05 as stati sticall y signifi cant. 
We anaJyscd the reactions of the rhinos to the dung sam
ples using linear mixed mode ls with a scaled identity 
covariance structure and a restricted maximum likcJihood 
estimation (\-Vest el aI. 1(07). This allowed uS to teSt for the 
influence of the fixed effec ts of donor familiarity, donor sex 
and their interaction while accounting for the random 
effects of an imal identity and sample number. To mee t the 
assumptions of the linea r mi xed model, the variables were 
Box~Cox transformed (Sokal and Rohlf 20 12). The fina l 
Hessian ma trix of the Jjnear mixed model wi th the 
dependent variab le latency of the vigilance posture was not 
positi ve de finite. In such cases. s implification of the model 
is recommended by removing the random effects wh ich 
may not be necessary (Wes t et al. 2007). We therefore 
re moved fi ve animals. which were sampled twice (in tw o 
differen t treatme nts) from the model , a nd kept only their 
first reaction to dung sample in the anal yses (see Table I). 
This aUo wed us 10 remove the random effect of animal 
identity from the model , and the linear mixed mode l was 
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the n full y completed. The res iduals of all the dependen t 
variables (the number of sn iffing events. the duration of 
sniffing and the latency of the vig ilance posture) from the 
linear mixed models were nomwlly di stributed (confirmed 
with Shapiro-Wilk t.ests) , the homogeneity of variances 
was confirmed by Levene's tests and the di stribution of 
residual s was also checked visually (q--q plots. histograms, 
boxplots). 

Neither the sample numbe r nor the anima l iden tity had 
any effect on the react ions of the rhinos in the result s of the 
li near mixed models. The reactions of fi ve rh inos. which 
were included in U1C study twice in two different treal~ 

mClH s, and tile reactions of a max imum of two animals, 
which came to sniff the same sample , couJd therefore be 
considered as independent (McGregor et 411. 1992), and 
the ir inclusion in the mode l thus proved justified. 

Results 

The rhinos sniffed the dung of unfamiliar animals longcr 
than that of familiar animal s (Fig. 1; LMM: 

F l.ll.66 = 5.228. P = 0.042). The duration of the sniffing 
did not differ between the female and male dung 
(F1.5.94 = 0.006. P = 0.943), and there was no influe nce of 
the interaction between the donor fami li arity and sex on t.h e 
duration of sniffing (F l ,7 .73 = 1.200, P = 0.306). The 
number of sniffing events was simil ar between the du ng of 
familiar and unfamilim' animals (LMl'v1: Fl .l5.229 = 1.309, 
P = 0.270) and between the female and male dung 

Fig. I in vesli,gation of lhe 
dung of unfamiliar and fu mili::tr. 
femn1c and male dOllors. Dnla 
represenl mean ± SEM. 
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( F1.I 2.iS79 = 1.202. P = 0.293). There was no influence of 
the interaction of donor familiarity and sex on the number 
of sniffing event s (F1, 14.18 = 1.088, P = 0.3 14) . The 
latency of tbe vigilance posture did not differ between the 

fami li ar and unfamiliar (LMM: F J, 14.75 = 2.023, 
P = 0.176) and between the female and male dung 
( F I.14 .75 = 0.016, P = 0.900). However, the rhinos di s
p layed a shorter latency of the vigilance posture to the 

fami liar dun g of ma les than that of fem ales. For unfamili ar 

dung, they showed fl sho rter latency of the vigi luncc pos
ture to the female than male dung (i nteractio n donor 

fami liarity*donor sex: Fl . 14.75 = 5.049. P = 0.040) (see 
Fig. I). 

Discussion 

Our experime nts indicate Ihat southern whit e rhinos are 

able to discriminate the famili arity and sex of conspec ifi cs 
from the smell of their dung. and to the best of our 

knowledge , thi s is the first such study o n any rhi noceros 
species in the wi ld. O lfactol)' signals can persist in the 

environme nt for some time, and since the southern white 

rhinos defecate a t common dungheaps (O wen-Smith 1973, 
1975). such p laces could be important sources o f infor
matjon for them. We do no t know how long the scent cues 

allowing for the discrimination of famiJiarity and sex ca ll 

pe rsist in white rhinoceros dung . The ability. however. to 

d iscriminate such signal s in the fresh dung as we present 
he re, could provide the animaJs witJ1 importanl information 

abo ut the movements of other rhinos inside their territory 
or home range. Linklatcr et al. (20 13) studied o lfactory 

communicat ion in temporari ly captive wild-caught black 

rhinos and fou nd that their inte rest in the dung o f con

specifics did not decLine with the age of the dung for up to 
32 days, witJl the dung being kept protected from rainfall 

and direct s:unlighL We could therefore predi ct that the 
dung of southern white rhinos might retain important 

chemica l informat io n for longer than I day. a claim which 

was supporlt!d by our observations o f southern white rhinos 
be ing interested in older and dry dung. 

In o ur study, the dun g o f unfamili ar rhinos was snjffed 

o n average more than twice as long as the familiar dung 

and the diffe re nces in the reacti o ns of rhi nos to the dung of 

females and males were shown in the latency of the vigi

lance postun!, which was at the same time dependent on the 
fami li arity of the donor. A short,er vigilance posture to the

dung of famitiar maJes compru'cd with the dung of unfa

miliar ma les might be expla ined by the fact that the rhinos 

quick ly tried to seek out a familiar resident territorial bull 

as soon as identiry could be es tablished, whereas wilh 
unfamili ar dung, the rhinos spent lime sni ffing and 

atte mpting tQ recognize the depositor. 
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The scent marks are o fte n positioned at places where 

they can be more easil y detected, such as along trai ls and 

pathways. ln addition, the receiver often benefits from 
findin g scent marks. and in that case, it should actively 
seek the m out (reviewed by Gosl ing and Ro berts 100 1). 
The ability to discriminate the familiarity a nd sex based 

on the dung odours can be VC IY important for the social 

behaviour and spatial organization of the southern white 

rhinoceros. The territori al bull s often move, for example, 

in dry seasons 10 adjaccnt or morc di stant tcrrilOric-s to 
seek water (Dwell-Smith 1973). and in areas wi th higher 

densities of bulls. each te rritory can be co- inhabited by 

adult submjssive males (Owen-Smith 197 1. 1973, 1975; 
Rachlow et al. 1999). It can therefore be essential for the 

adult bull s 10 pay special attention to the scent signals 

and to distinguish between the dun g o f familiar submi s
sive males and territorial neighbours and tbe dung o f 

unknown intruders as we ll as to recogni ze the dun g of an 
unknown female walking in their territo ry. Females and 

subaduhs can similarly benefit from discriminating the 

famiJi arit y and sex from odour c ues in dung and register 
the moveme nts of other groups and of adu lt bulls ins ide 

the ir home range. Adult terri toria l bulls ca ll sometimes 

attack the subad ults (Owen-Smith 1973, 1975). After 
finding the fresh dung of a res ident tenitorial bull, the 

subadulls might avo id confronlatio n with him by leav ing 

t.he location as: in such a case. it is li kely that. the bull is 
nea rby. 

C hemical compounds that allow for the dj scrirninati on 

of fa miliarity or poss ible indi vidual signature in the dung 
of southern whit e rh inos re main to be identifi ed. Research 
o n the vegetatio n differe nces between the (wO study sites 

was beyond the scope of o ur study. We be lieve that the 

hig her interest of rhinos in unfamiliar dun g was not tri g
gered by the interest in un known vegetatio n since the 

vegetat io n of both reserves belongs to the same vegetation 
type (,Waterberg mo ist mo untain bush veld) (van Rooyen 

and Bredenkamp 1996) and the reserves are onJ y situated 

50 km from each other (sce " Methods "). 
Black rhinos can use chemica l signals in the dun g for 

ide ntifying indi viduals and sex-age classes. Although the 

aduJt females and males investigate the dun g of boLh sexes 

s inti larl y overall , there are d.ifferences in their reactions 
towa rds the dung of subad ult males (Linklater e t a1. 2013). 
In o ur stud y, we poo led the subjec ts from a ll sex-age 

classes because we did nol manage to include a sufficient 
number of animals to be ab le to test them separate ly. 
Neverthe less, it seemed from our expe rime nts that the adu lt 

territo rial bulls were interested in the experi mental dung 

the most as they also reacted by marking their territory wi th 

scrapes and spray urination or by wa lking or running 
around and attempting to locate the depositor. Further 

research should therefore focus on possible differences in 
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the reac lion s of females and males 10 Ihe scenl c.ues of 
varioll s sex-·age classes of rhinos and also on the practical 
use of olfactory signa ls in the management and conserva
tion of the whi te rhinoceros. 

Linklater et al. (2006) found that black rhinoceros 
chemosignal s could affect Ihc posl-release movements of 
the an imals and Ihey mjght therefore have a promising use 
in wildlife management. A knowledge of olfactory com
munication can a lso be important for encouraging brceding 
in mammals. which reproduce poorly in captivity 
(rev icwed by Cumpbell-Palmcr and Rose ll 20 11). Since the 
reproducti ve success of while rhinos is ve ry low in cap
ti vity (c.g. Hermes et a1. 2005. 2006; Swaisgood et al. 
2006), it mig ht be helpful to provide thcm with additional 
olfac tory sti muli to he lp simulate the presence of other 
rhinos and therefore stimulate their social and reproduclive 
behav iour. A knowledge of olfactory communication in 
southern white rhinos mjght a lso help us beller understand 
thc communication system of thcir close rclatives, criti 
cally endangered northern while rhinos, and increase the 
chance of their reproduction . 
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Recognizing information from acoustic signals is crucial in many animals and individuals are 

under strong selection pressure to discriminate between the signals of conspecifics and closely 

related species. The role of communication signals in species recognition may be 

complicated. Here, we first report that rhinos use information encoded in their calls to assess 

conspecifics and individuals of closely related species. The southern (Ceratatherium simum) 

and critically endangered northern (c. cot/ani) white rhinos are the most social out of all the 

rhinoceros species and use a unique contact call pant. We studied the structure of pant calls in 

southern white rhinos and found that certain temporal and frequency parameters carry 

information about sex, age-class and social situation of the caller. To test whether the rhinos 

attend to the sex and species differences in pant calls, we conducted playback experiments on 

wild territorial southern white rhinoceros males. Males recognized sex from the calls of 

conspecifics and responded more strongly to the calls of females than territorial males, which 

suggests that pant calls are more important in male-female than male-male communication. 

We also found that southern males discriminated between the female and male calls of 

northern species and reacted more intensively to the calls of northern than southern males , 

which could have been caused by a novelty effect as both species naturally live in allopatry 

and discrimination between them therefore cannot result from learning. Better understanding 

of vocal communication in white rhinos has potential management and conservation 

implications particularly because of their low reproduction in captivity. 

Keywords Southern white rhinoceros, Northern white rhinoceros, Vocal communication, 

Vocalization, Sex recognition, Species recognition, Playback experiment 
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INTRODUCTION 

Communication is a central mediator of all important social behaviours (McGregor and Peake 

2000). In contrast to the mammalian olfactory signals (Eisenberg and Kleiman 1972), many 

vocal signals are apparently directed to concrete individualls although they can be avai lable to 

many other potential receivers through eavesdropping (McGregor and Peake 2000). Acoustic 

signals of mammals have been shown to encode information about individual identity, sex, 

species, dominant or subordinate status, fertile phase of females, kinship, signal context and 

motivation of the caller (McComb et al. 2000; Lemasson et al. 2009; Charlton et al. 2010; 

Mathevon et al. 2010; Schneiderova and Policht 2012; Tallet et al. 2013; Cinkova and Policht 

2014; Pfefferle et al. 2014; Pitcher et al. 2014). Receivers can therefore make decisions based 

upon the behaviour, physiology or morphology of others through the use of their signals 

(Endler 1993). 

Signalling via vocalizations is very fast and can have high information transfer rate 

while olfactory signals are slow with poor directionality (Endler 1993). Vocal signals mediate 

agonistic and affiliative interactions between animals and play a crucial role in determining 

the outcome of intra- and intersexual competition (Owings and Morton 1998). Different 

signallers can also be perceived in different communication channels (Endler 1993). For 

instance, vocal signals regulate intra-group cohesion and coordination in golden brown mouse 

lemurs and olfactory signals control distribution of various groups (Braune et al. 2005). All 

rhinoceros species have an excellent sense of hearing and smelling, but their eyesight is weak 

(Penny 1987). Rhinos defecate at common dungheaps and use vocalizations in intra-specific 

interactions (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; Penny 1987; von 

Muggenthaler et al. 2003; Policht et al. 2008; Linklater et al. 2013). Recent research has 

shown that the southern white rhinos (Ceralolherium simum) use olfactory signals in dung to 

assess familiarity and sex of conspecifics (Cinkova and Policht 2015) and that contact pant 

call s of southern and northern (Ceratotherium cottoni) white rhinos contain sufficient 

information for the identification of caller's identity and its species (Cinkova and Policht 

2014). However, it has not yet been experimentally studied in any rhinoceros species if the 

animals indeed attend to the cues encoded in their calls and to what degree vocalizations are 

preferred as a communication channel from different signallers. 

Sensory systems and signals coevolve with species' breeding behaviour and 

microhabitat choice (Endler 1992). There is a strong selection pressure to discriminate 

between the vocal signals of conspecifics and closely related species (reviewed by Irwin and 
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Price 1999; de Kort and ten Cate 2001; Braune et al. 2008; Schuchmann and Siemers 2010; 

Seddon and Tobias 2010) and divergence among the signals of different species may be 

favoured especially when they occur in sympatry (Ryan and Kime 2003). The reactions of the 

animals to heterospecific calls can, however, be taxon specific and in some species, the 

responses are greater in sympatry than allopatry, in other species the opposite is true 

(reviewed by Irwin and Price 1999; Braune et al. 2008). The northern and southern white 

rhinos live in allopatry and have only lately been recognized as distinct species, which have 

been separated for over a million years (Groves et al. 20 I 0). A natural range of the southern 

species is southern Africa and of the northern species central Africa (Hillman-Smith I 986a). 

Their contact pant calls differ in several call characteristics and allow for a species 

identification, which could be caused by adaption to different micro habitats in which they live 

(Cinkova and Policht 2014). Until now, however, it is not known whether the rhinos 

discriminate between the calls of both species. 

White rhinos are the most social out of all the rhinoceros species (Goddard 1967; 

Owen-Smith 1973, 1975 ; Laurie 1982; van Gyseghem 1984; Penny 1987) and adult females , 

calves and subadults live in groups in overlapping home-ranges. Adult white rhinoceros bulls 

are territorial and mark their territories with urine and dung (Owen-Smith 1973, 1975; van 

Gyseghem 1984). The northern and southern white rhinos have a large vocal repertoire 

(Owen-Smith 1973 ; Policht et al. 2008) and use a unique contact call pant, which consists of a 

series of inhalations and exhalations. Pant call is used by the animals when approaching or 

greeting another rhinoceros or during separation from a group (Owen-Smith 1973; Policht et 

al. 2008; Cinkova and Policht 2014). Adult bulls use during the approach of a female, 

particularly during courtship a conspicuous type of a pant call called hic (Owen-Smith 1973; 

Policht et al. 2008), which can be distinguished from a typical pant call by the erratic and 

choking pattern of breathing (Owen-Smith 1973). 

Although the population of southern white rhinoceros (Ceralolherium simum) 

currently numbers 20,424 individuals, a high number of animals are killed every year by the 

poachers (Knight 2013). The northern white rhinoceros (which is also being referred to as the 

Nile rhinoceros) is currently on the brink of extinction with only five surviving animals. Both 

species reproduce poorly in captivity (e.g. , Hermes et al. 2005, 2006; Swaisgood et al. 2006) 

and the changes in their social behaviour, a lack of social relationships with conspecifics and 

arising communication problems could be one of the possible reasons (Swaisgood et al. 2006; 

Metrione et al. 2007; Cinkova and Bicik 2013; Cinkova and Policht 2014, 2015). Behavioural 

research can significantly aid conservation and help identify and so lve problems with 
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breeding of captive populations (Lindburg and Fitch-Snyder 1994; Fisher et al. 2003 ; 

Swaisgood et al. 2003). Better knowledge of vocal communication in white rhinos might 

allow us to manipulate their vocal environment through the use of acoustic stimulation and 

modify their endocrine physiology as has been shown in other animals (McComb 1987; Ball 

and Dufty 1998) to improve their chance for reproduction. 

The aim of this study was to examine if pant calls of the southern white rhinos encode 

information on the caller' s sex, age-class and context of the call and to conduct playback 

experiments with wild territorial southern white rhinoceros males. We studied if males are 

able to di scriminate sex from the pant calls of conspecifics and if pant calls are an important 

communication channel for male-female and male-male communication. We describe in 

detail the reactions to the playbacks with regards to their possible use for stimulation of social 

and reproductive behaviour of rhinos. We also studied discrimination of males between the 

male and female pant calls of northern white rhinos to determine if they perceive the 

differences between the sexes in both white rhinoceros species in the same way and if they 

react to them with the same intensity. The way how animals respond to conspecific versus 

heterospecific signals can be more complex and although they generally respond more 

strongly to the signals of conspecifics than allopatric closely related species, they can al so 

react to them equally intensively or show a greater reaction to a heterospecific signal (Braune 

et al. 2008; reviewed by Ord and Stamps 2009). 

METHODS 

Study sites and animals 

Playback experiments on the adult territorial southern white rhinoceros males were conducted 

between June- November 2011 and May- December 2012 in South African wildlife reserves 

Welgevonden Game Reserve (375 km2), Lapalala Wilderness (360 km2) and Mthethomusha 

Nature Reserve (72 km2). The calls of the southern white rhinos were recorded in the reserves 

mentioned above, in Lichtenburg biodiversity conservation centre (South Africa) and in 

zoological gardens in Salzburg, Zlin, Dvur KniIove and Bratislava from 2009- 2014. The calls 

of the northern white rhinos were recorded in zoological garden Dvur Knilove from 2009-

2012. 
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Ethical note 

This study including the playback experiments and recording of call s was approved by the 

Ethics and Scientific Committee of the National Zoological Gardens of South Africa (Project 

PI lI03) and adhered to the "Guidelines for the treatment of animals in behavioural research 

and teaching" as published by the ASAB (2012). 

Recording procedure and acoustic analysis 

The call s were recorded using a Sennheiser directional microphone (ME 67 with K6 powering 

module, frequency response: 40-20,000 Hz ±2.5 db) fitted with a Rycote Softie windshield 

and digital recorders Yamaha Pocketrak C24 or Marantz PMD 67 1 with a 44.1 kHz sampling 

rate and 16 bits resolution. The calls were recorded at distances from 1- 30 m from a calling 

individual. We analysed pant call s (Fig. 1) of 33 southern white rhinos and tested if they 

di ffer between sexes, age-classes (subadults versus adults) and contexts. Since we could not 

record call s from a suffic ient number of northern white rhinos due to their critical 

conservation status, their calls were only used in playback experiments. Calls were recorded 

in the following contexts: (1) in visual isolation from other rhinos and (2) in visual contact 

with members of a subject's group (for females and subadult males) or an adult female (for 

adu lt males). Subadult period starts at 2- 3 years of age when a juvenile is chased away by its 

mother after the birth of a subsequent calf. Females become adult around seven years of age at 

first parturition and males between about 10- 12 years of age when they attain socio-sexual 

maturity and become solitary (Owen-Smith 1973, 1975) . 
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Fig. 1 Representative pant call of adu lt female southern white rhinoceros recorded in visual 

iso lation from other rhinos. Waveform (above) and spectrogram (below; spectrogram 

parameters: FFT length 1024, frame size 100%, overlap 87.5%, Hamming window) are 

shown. I = inhalation, E = exhalation 
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We analysed one call from each animal to avoid pseudo-replication (McGregor et al. 

1992) and included into the analysis only calls, which were recorded in a good quality with 

low background noise. If more calls were recorded from the same individual, we pseudo

randomly selected one of them as calls from both contexts were available for several animals 

and we wanted to achieve approximately similar sample sizes in both contexts. We analysed 

the calls following Cinkova and Policht (2014) using Avisoft SAS Lab Pro 5.2.07 (Avisoft 

Bioacoustics, R Specht, Berlin, Germany) and computed their temporal parameters (using the 

following spectrogram parameters: FFT length 256, frame size 100%, overlap 50%, FlatTop 

window). Particular call elements were classified as inhalations and exhalations and 

categorized according to their duration: (I) 0.0-0.2 sec, (2) 0.21-0.4 sec, (3) 0.41-0.8 sec, (4) 

>0.81 sec. One representative inhalation and exhalation from the most numerous category 

were selected for the measurement of spectral parameters. The spectrograms (FFT length 

1024, frame size 100%, overlap 87.5%, Hamming window, time resolution 2.9 ms) of these 

elements were also analysed using LMA 2008 (developed by Kurt Hammerschmidt), which 

allows for the extraction of different sets of call parameters (Schrader and Hammerschmidt 

1997). Based on the results of Cinkova and Policht (2014), we selected and calculated 12 

temporal and spectral parameters of calls. 

Using Avisoft SAS Lab Pro 5.2.07, we calculated call duration (sec), number of 

elements in the call, duration of representative exhalation (sec), duration of the longest 

exhalation and shortest inhalation and exhalation in the call (sec), the order of the longest 

exhalation in call, peak frequency (max) in an inhalation (= frequency of maximum amplitude 

of the spectrum; measured at the location of maximum amplitude; Hz) and entropy (std) in an 

inhalation (= allows to quantify the randomness of the sound; the parameter was computed for 

all spectra between the start and the end of element and then the relative standard deviation 

was calculated). Using LMA 2008, we calculated ampratio I in an inhalation (= amplitude 

ratio between 1st and 2nd dominant frequency band), fpl amax in an inhalation (= maximum 

amplitude of the I st global frequency peak; relative amplitude) and pftrmean in an exhalation 

(= mean deviation between peak frequency and linear trend; Hz). 

Playback experiments 

We tested the ability of nine adult bulls to di scriminate between the pant calls of unfamiliar 

female and male southern and northern white rhinos. We used for playbacks the calls of seven 

subadult and adult female (aged :::: 4 years) and three adult territorial male southern white 

rhinos and the calls of three adult female and one adult territorial male northern white rhinos. 
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The calls of southern males and northern male and females were recorded in iso lation and 

calls of southern females were recorded both in iso lation and in visual contact with group 

members. Each call was only used once to avoid pseudo-replication (McGregor et al. 1992). 

Playback stimuli were equalized in terms of root mean square amplitude using Avisoft SAS 

Lab Pro 5.2.07. 

We conducted three sets of playback experiments and each of them consisted of a 

playback of control sound, female and male pant call. In experiment I, we tested if males 

(N = 9) in visual iso lation from other rhinos discriminate between the calls of female and 

male southern white rhinos. In experiment 2, we tested if males (N = 7) in visual iso lation 

discriminate between the calls of female and male northern white rhinos. In experiment 3, we 

studied if males (N = 6) in visual contact with a female (in distance from 2 to 7 rhinoceros 

body lengths from her) react differently to the calls of female and male southern white rhinos. 

The calls were only played when a female's group consisted of a maximum of three rhinos 

since a higher number of animals could increase a probability that their behaviour would 

affect the reaction of a subject. We used calls of widespread South African birds as a control: 

African grey hornbill (Tockus nasutus), Swainson's francolin (Plernisles swainsonii), pied 

crow (Corvus albus), hadeda ibis (Boslrychia hagedash) , blacksmith plover (Vanellus 

armatus) and white-faced duck (Dendrocygna viduata). 

The stimuli were broadcast using a Barrel digital player and a custom-built 

loudspeaker (power output: SOW, frequency response: 48- 20,000 Hz ± 3 db) connected to an 

amplifier (kindly constructed by P Krchllak and M Deutschl , Department of Biophysics, 

Palacky University) . The loudspeaker was placed in the vehicle and the calls were broadcast 

at a distance of about 15-40 m from the subjects. The rhinos in the study areas were 

habituated to the presence of the vehicles and the stimuli were played when a subject was in a 

relaxed state (i.e. grazing, standing or lying) and was not looking in the direction of speaker. 

There was a mean interval of 11 days between consecutive experiments on one animal and 

bulls were exposed to particular experiments in random order. 

Pant calls within an experiment were played in random order, were separated by at 

least six minutes and the second call was only played when a subject was in a relaxed state 

again. Pant calls were broadcast with peak amplitudes at sound pressure level of 85-97 dB 

(measured at 1 m from the speaker) depend ing on the di stance of rhinos from the speaker (85 

dB for 15 m and 97 dB for 40 m) and their volume was equivalent to a naturally panting 

rhinoceros. The subject' s behaviour was video-recorded using digital camcorder Canon 

Legria HF M3l one minute after the onset of control sound and five minutes after the onset of 
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a pant call. We chose shorter recording time after the control sound to mlllUTIlZe the 

possibility that a subject would leave a study site before pant call was played and we 

considered it as sufficient since the animals either reacted to it with a low intensity or did not 

react at all (see Fig. 3). Since locating the animals for the study and waiting for the right time 

to play a call is much more difficult in the wild than e.g. in controlled settings of zoological 

gardens, we preferred a higher chance to obtain the data over the equal recording times after 

the playbacks. 

Statistical analyses 

Statistical analyses were performed using IBM SPSS Statistics 20.0 (IBM Corp., Armonk, 

USA). A significance level of p < 0.05 was accepted and all tests were two-tailed. 

We tested if the acoustic parameters of pant calls of the southern white rhinos differ 

between sexes, age-classes and contexts using univariate general linear models (GLM). The 

call parameters were BoxCox transformed (Sokal and Rohlf 2012) prior to the analyses to 

normalize their distribution (confirmed with Shapiro-Wilk tests) and achieve homogeneity of 

their variances (confirmed by Levene 's tests). We only report results that were statistically 

significant or closely approached significance (for other results see Table S I in the 

Supplementary material). 

The video recordings with the reactions of males to the playbacks were analysed using 

the computer program package Activities 2.1 (Vrba and Donat 1993) and we used for 

statistical analyses exact non-parametric tests due to the small sample size (Mundry and 

Fischer 1998). The reactions to the control sound, female and male pant calls in each 

experiment were scored according to their increasing intensity (Table I) and tested with exact 

Friedman ANOV A. Multiple comparisons were conducted using exact Wilcoxon matched

pairs tests followed by a sequential Bonferroni correction. Potentially confounding factors 

speaker-subject distance, volume of playback and order of a call in an experiment had no 

effect on the intensity of reaction of males to the pant calls (see Table S2 in the 

Supplementary material). The activity of the subjects after the playbacks (proportion of time, 

which they devoted to grazing, walking / running, standing and lying) was tested using exact 

Friedman ANOV A. If the results were significant, we tested particular categories with exact 

Wilcoxon matched-pairs tests and applied sequential Bonferroni correction. As the dataset 

contained zero values, we replaced them with the value 0.001. 

We further analysed only the reactions to the pant calls and registered the latency and 

duration of vigilance, looking and turning body towards the speaker and the latency of 
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approaching, calling with contact call and marking the territory with dung or urine (see Table 

1 for description of these behaviours) from the onset of playback. If certain behaviour did not 

occur, latency of 300 sec was assigned. We conducted principal component (PC) analysis (for 

rationale see McGregor 1992) for all three experiments using varimax rotation and saved PC 

scores using the Bartlett method. We included in each PC analysis only such behavioural 

measures, which fulfilled our criteria. The latency of a particular behaviour was only included 

when the behaviour was registered in at least > 25% of reactions in a particular experiment. If 

a certain behaviour was recorded in all the reactions in an experiment, we used its duration 

instead of latency since we believe that it provides more information. In experiment 2, the 

latency of approaching fulfilled our criteria, however, it was only little correlated with other 

behavioural measures and the Kaiser-Meyer-Olkin and Bartlett's criteria for the use of PC 

analysis were not fulfilled. We therefore removed the latency of approaching from the 

analysis . Similarly, we removed the latency of calling with contact call from the PC analysis 

in experiment 3. All the three PC analyses then fulfilled Kaiser-Meyer-Olkin and Bartlett's 

criteria so their use was justified (McGregor 1992). The scores of the first PC in each 

experiment were compared using exact Wilcoxon matched-pairs test to determine whether the 

responses to the playback stimuli differed. In addition, particular reactions were also tested 

separately using exact Wilcoxon matched-pairs tests to help us identi fy concrete behaviours, 

which differed between both types of playback. 
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Table 1 Reactions of the rhinos to the playback experiments ordered according to their 

increasing intensity 

No. Reaction 

(0) No reaction 
(I) Vigilance: standing or lying with raised head, gaze fixed or scanning 
(2) Looking: head is raised facing the speaker in an angle equal to or less than 30° 
(3) Turning body towards the speaker in an angle equal to or less than 30° 
(4) Turning body towards the speaker and marking the territory with dung or urine 
(S) Walking or running away from the speaker* 
(6) Approaching the speaker or a female 
(7) Approaching the speaker or a female and marking the territory with dung or urine or 

calling with pant 
(8) Approaching the speaker or a female, marking and calling 
(9) Running towards the speaker or a female 
(10) Running towards the speaker or a female and marking or calling 
(11) Running towards the speaker or a female, marking and calling 
(12) Running towards the speaker, then approaching a female and marking or calling 
(13) Running towards the speaker, then approaching a female and marking and calling 

* This activity was only registered if it was not affected by other stimulation as e.g. walking 

away from the speaker because the animal started walking towards the waterhole, which was 

nearby in that direction. 

RESULTS 

Sex, age and context differences in pant calls 

Males had smaller fpl amax in an inhalation (GLM: FI ,25=6.497, P=0.017), shorter duration 

of exhalation (FI ,25 =6.012, P=0.022) and shorter duration of the shortest inhalation in call 

(F I,25=S.316, P=0.03) than females (Fig. 2) . Subadults had shorter call duration (FI ,25=9.17S, 

P=0.006), lower ampratio 1 in an inhalation (F I,25=8.432, P=0.008), less call elements 

(F I,25=S.408, P=0.028) and shorter duration of the longest exhalation in the call (F 1,25=4.377, 

P=0.047) than adults. The animals in visual isolation tended to have lower entropy (std) in an 

inhalation than animals in visual contact with others (FI ,25=4.20S, P=O.OSI). There was an 

interaction between the sex and age-class in the duration of shortest inhalation in call 

(FI ,25=S.448, P=0.028). We found an interaction between the age-class and context in the 

duration of exhalation (FI ,25=10.884, P=0.003), the duration of shortest exhalation 

(FI ,25=8.691, P=0.007), pftrrnean in an exhalation (FI ,25=S.749, P=0.024), the order of the 
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longest exhalation in call (FJ ,2s=4.283 , P=0.049) and entropy (std) in an inhalation 

(F J,2s=4.272, P=0.049). Statistical interactions also indicated differences between the sexes, 

age-classes and contexts in the number of elements in call (FJ ,2s= 13.903, P=O.OOI), call 

duration (F J,2s=7.977, P=0.009) , order of the longest exhalation in call (F J,2s=7.887, P=O.OI) 

and duration of the shortest inhalation in call (F J,25=4.406, P=0.046). 

Discrimination a/sex/ram the calls a/southern and northern white rhinos 

The males in isolation reacted to the control sound, female and male southern white 

rhinoceros calls in experiment I with significantly different intensity (exact Friedman 

ANOV A: N=9, l 2=14.824, P<O.OOI) and their reaction was more intensive towards the calls 

of females than males (exact Wilcoxon test: N=9, Z=-2.673 , Bonferroni corrected P=0.0 12) 

(Fig. 3). The time, which the males devoted to walking and running after the playback of 

control sound, male and female pant call was significantly different (exact Friedman 

ANOVA: N=9, X22=8.267, P=0.012) (Fig. 4). We included five behavioural measures in PC 

analysis (Fig. 5) and the first principal component (PC I) explained 56% of the total variance 

(see Table S3 in the Supplementary material). By comparing PCI scores, males' reactions to 

the male and female calls were found to be significantly different (exact Wilcoxon test: N=9, 

Z=-2.547, P=0.008). 

The intensity of reaction of the males in isolation to the control sound, female and 

male northern white rhinoceros calls in experiment 2 significantly differed (exact Friedman 

ANOVA: N=7, X2 2= 11.385, P=O.OOI), but males reacted to the female and male calls with the 

same intensity (exact Wilcoxon test: N=7, ties=2, Z=-0.135, Bonferroni corrected P= I) (Fig. 

3). Males devoted significantly different time to walking and running after the playback of 

control sound, male and female pant call (exact Friedman ANOVA: N=7, X22=8.000, 

P=0.016) (Fig. 4). We included five behavioural measures in PC analysis (Fig. 5) and the PCI 

explained 47% of the total variance (see Table S3 in the Supplementary material). By 

comparing PC I scores, we found that the reactions to the male and female calls significantly 

differed (exact Wilcoxon test: N=7, Z=-2.l97, P=0.031). 

The differences in the intensity of reaction of males in visual contact with a female to 

the control sound, female and male southern white rhinoceros calls in experiment 3 closely 

approached significance (exact Friedman ANOVA: N=6, X2 2=6.333, P=0.052). The intensity 

of reaction to the calls of females and males did not differ (exact Wilcoxon test: N=6, Z=-

0.632, Bonferroni corrected P= l) (Fig. 3) as well as the activity of males after the playbacks 

(Fig. 4). Five behavioural measures were included in PC analysis (Fig. 5) and the PCI 
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explained 45% of the total vanance (see Table S3 in the Supplementary material). We 

compared PC I scores and found that there were no differences in the reactions to the male 

and female calls (exact Wilcoxon test: N=6, Z=-0.524, P=0.688). 
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Fig. 2 Acoustic parameters (mean ± SE) of southern white r11inoceros pant calls according to 

sex, age-class and context. E = exhalation, 1 = inhalation, Sub = subadult, Ad = adult, 

F = female , M = male. See methods for explanation of abbreviations of acoustic parameters 
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Fig. 3 [ntensi ty of reaction of males to the playbacks in particular experiments. The intensity 

increases on scale from 0- 13 (see Table I) .•• p < 0.05, * P < 0.1 
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Fig. 4 Proportion of time devoted by the males to grazing, walking/running, standing and lying 

after the playbacks in particular experiments (mean ± SE). *. P < 0.05, • P < 0.1 

13 



 
 

 

a 
300 

200 

100 

o 
b 

300 

200 

100 

o 

C 

300 

200 

100 

o 

_ Male 

_Female 

* 

Looking Turning body Approaching Marking 

Latency (sec) 160 

120 

80 

40 

o 
Calling Marking Vigilance 

Latency (sec) 

160 
on (sec) 

120 

80 

40 

o 
Vigilance 

Looking Turning body 

Vigi lance Looking Turning body Approaching Marking 

Fig. 5 Reactions of the bulls towards the male and female pant calls (mean ± SE) included in 

PC analyses in experiment I (a), 2 (b) and 3 (c) . ** P < 0.05, * P < 0.10 

DISCUSSION 

We provide the first evidence of cognitive abilities in any rhinoceros species in tenms of 

discriminating infonmation from vocalizations of conspecifics and closely related a\lopatric 

species. Adult southern white rhinoceros males in isolation from other rhinos in experiment 1 

discriminated sex from the contact pant calls of conspecifics and reacted more intensively to 

the calls of females than territorial males, showed a shorter latency to turn body towards the 

speaker and approach it and a shorter latency to mark their territory. This suggests that pant 

calls are less important communication channel for interactions between territorial males than 

between a male and a female. Adult males mark their territory with dung and urine (Owen-
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Smith 1973) and react intensively to the olfactory signals in dung of adult males including 

walking or running around and attempting to find the depositor (Cinkova and Policht 2015). 

Pant calls were therefore probably not selected in the context of territorial male-male 

communication, which can preferentially occur via the olfactory signals as in certain 

situations, one communication channel can be favoured at the expense of other ones (Endler 

1993). 

Duration of a call or its parts is in mammals often longer in males than females as they 

usually have a bigger size and therefore larger lungs with greater air volume available for 

calling (reviewed by Ey et al. 2007; Lemasson et al. 2009). However, males of some primate 

species without sexual size dimorphism have shorter calls than females (reviewed by Ey et al. 

2007) and females were found to prefer males with the shortest calls (Miller et al. 2004). 

Height of the white rhinoceros males largely overlaps with that of females (Hillman-Smith et 

al. 1986b; Groves et al. 2010) although they are heavier (Owen-Smith 1973) and we found 

that males have a shorter duration of exhalation and of shortest inhalation in contact calls than 

females. These call characteristics might allow a male to better intercept other animals ' 

movements or vocalizations between particular call elements. Several temporal parameters of 

calls including call duration and number of elements in call depended on the sex, age-class 

and context at the same time. Calls of adult males in isolation were shorter and contained less 

elements than calls recorded in visual contact (=hic calls, see Introduction) in contrast to the 

calls of adult females and subadult males (see Fig. 2). Longer call duration and higher number 

of calls per bout have been shown to be associated with increased arousal (Rendall 2003; 

Charlton et al. 2010) and more frequent repetition of syllables could help other animals locate 

the caller (Aubin and louventin 2002). The adult white rhinoceros males are solitary (Owen

Smith 1973, 1975) and they therefore do not experience in isolation any strong need to re

associate with a group like females or subadults. On the contrary, adult males can experience 

higher arousal while in visual contact with a female since hic calls are most often uttered 

when a female is in oestrus. Interestingly, calls of subadult females did not differ in duration 

between contexts and number of elements was highly variable. 

Bulls in isolation discriminated between the calls of female and male northern white 

rhinos in experiment 2 and responded to them strongly and with the same intensity. Bulls in 

the same social context therefore reacted intensively to the female calls of both northern and 

southern white rhinos and to the calls of northern male, but their reactions to the southern 

males were weak. This suggests that males indeed attend to the differences in vocalizations 

between male calls in both species and since they are naturally allopatric (Hillman-Smith 
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1986a), discrimination between them cannot result from learning. The role of communication 

signals in recognition between conspecifics and closely related species may be complicated 

and animals can show a greater reaction to a heterospecific signal (reviewed by Ord and 

Stamps 2009). If territorial southern males prefer an olfactory channel for male-male 

communication (see above) and do not react strongly to the pant calls of conspecific males, a 

similar vocal signal of a northern male, which contains different and unknown call 

characteristics could cause more intensive reaction due to a novelty effect (Tulving and Kroll 

1995). 

Bulls also marked their territory sooner after the playbacks of southern females than 

males, but later after the playbacks of northern females than male (however, the differences 

between both sexes of northern white rhinos were not significant, see Fig. 5). The 

asymmetries in reactions to the female and male calls of both species could also suggest that 

the differences between the calls of both sexes are distinct between the northern and southern 

species, which has also been shown in other closely related mammalian species (e.g. Siemers 

et al. 2005). Playbacks of calls of both white rhinoceros species to the females are necessary 

to determine if there is any indication of reproductive isolation between them based on the 

vocalizations as female reactions to the male calls are more relevant to assess thi s (Searcy 

1992). For instance, red deer and sika deer naturally live in allopatry, but sometimes hybridize 

when in sympatry after introductions and females of both species display different reactions to 

the calls of conspecific and heterospecific males. Although red deer females show a 

variability in their reactions, they generally prefer roars of conspecific males (Wyman et al. 

2011), but sika females do not show any preference for roars of sika versus red deer males 

(Wyman et al. 2014). 

We did not find any differences in the reactions of bulls in visual contact with a female 

to the female and male calls of southern white rhinos in experiment 3. In contrast to the 

experiment I, bulls often approached the speaker or a female in reaction to the pant calls of 

both sexes and were also calling or marking their territory. We suppose that their reactions 

were influenced by the presence of a female as the attitude of the animals towards acoustic 

signals can change depending on the audience (Vignal et al. 2004). Intensities of the reactions 

of males were variable, particularly to the male calls, which could have been caused by a 

concrete social situation with a female or by a different position of speaker in relation to a 

female and a subject male in particular trial s. Experiment 3 contained the lowest sample size 

from all three experiments and a larger sample size would therefore be necessary to determine 

which factors influence males' perception of signals in the presence of a female. 
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Stimulation of the animals using vocal and olfactory signals has been found to affect 

physiology of domestic and farmed mammals. Red deer females conceive earlier when 

exposed to playbacks of male roars during the pre-rut period (McComb 1987), dairy cows 

increase milk production when exposed to playbacks of calf vocalizations (McCowan et al. 

2002), the success of artificial insemination is greater when dairy cows are continuously 

exposed to bull urine than steer urine (Tauck and Berardinelli 2007) and male 's urine, wax 

and wool have a stimulating effect on ovulation in sheep (reviewed by Rekwot et al. 200 I). 

Intensive reactions of the territorial bulls to the pant calls in our study suggest that pant call 

can stimulate the social and territorial behaviour of rhinos. It might therefore find together 

with olfactory signals in dung (Cinkova and Policht 2015) use in behavioural manipulation 

techniques and help optimize the management of rhinos and improve chances for their 

breeding in captivity. 
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ELECTRONIC SUPPLEMENTARY MATERIAL 

Table SI: Differences between sexes, age-classes and contexts in the acoustic parameters of 

pant calls. Results of univariate general linear models are shown. N = 33, df error = 25. 

Call parameter df Mean F Sig. 
Square 

Sex Number of elements 0.476 0.106 0.747 

Call duration 0.194 1.001 0.327 

Duration of longest exhalation 0.003 0.397 0.534 

Duration of shortest inhalation 0.006 5.316 0.030 

Duration of shortest exhalation 0.006 2.006 0.169 

E: duration 0.027 6.012 0.022 

Order of longest exhalation 5.750 3.445 0.075 

I: peak freq (max) 1049.74 1 0.048 0.829 

I: ampratio I 0.072 3.460 0.075 

I:fplamax 4.874 6.497 0.017 

T: entropy (std) 0.001 1.120 0.300 

E: pftrmean 6.325 0.286 0.598 

Age-class Number of elements 24.276 5.408 0.028 

Call duration 1.773 9.175 0.006 

Duration of longest exhalation 0.038 4.377 0.047 

Duration of shortest inhalation 0.000 0.034 0.855 

Duration of shortest exhalat ion 0.003 0.939 0.342 

E: duration 0.007 1.617 0.215 

Order oflongest exhalation 0.336 0.201 0.657 

I: peak freq (max) 41253.930 1.880 0.183 

I: ampratio I 0.175 8.432 0.008 

l: fplamax 0.005 0.007 0.934 

I: entropy (std) 0.000 0.138 0.713 

E: pftrmean 18.625 0.842 0.368 

Context Number of elements 1.066 0.237 0.630 

Call duration 0.019 0.098 0.757 

Duration of longest exhalation 0.000 0.037 0.850 

Duration of shortest inhalation 0.002 1.284 0.268 

Duration of shortest exhalation 0.000 0.149 0.703 

E: duration 0.003 0.699 0.411 

Order of longest exhalation 0.311 0.186 0.670 

T: peak freq (max) 2633.355 0.120 0.732 

1: ampratio 1 0.005 0.230 0.635 

1: fjJlamax 1.910 2.545 0.123 

I: entropy (std) 0.004 4.205 0.051 

E: pftrmean 3.012 0.136 0.715 

Sex * Number of elements 8.072 1. 798 0.192 
age-class Call duration 0.001 0.003 0.957 

1 



 
 

 

Duration of longest exha lation 0.013 1.441 0.24 1 

Duration of shortest inhalation 0.007 5.448 0.028 

Duration of shortest exhalat ion 0.002 0.647 0.429 

E: duration 0.006 1.33 1 0.259 

Order of longest exhalat ion 0.223 0.133 0.718 

I: peak freq (max) 33871. 967 1.544 0.226 

I: ampratio I 0.018 0.881 0.357 

I: fp lamax 0.328 0.437 0.5 15 

I: entropy (std) 0.000 0.259 0.6 15 

E: pftrmean 6.612 0.299 0.590 

Sex * Number of elements 3. 173 0.707 0.408 
context Call duration 0.382 1.977 0.172 

Duration of longest exhalation 0.014 1.6 17 0.215 

Durat ion of shortest inhalation 0.000 0.000 0.994 

Duration of shortest exhalation 0.000 0.09 1 0.765 

E: duration 0.000 0.045 0.833 

Order of longest exha lat ion 0.576 0.345 0.562 

I: peak freq (max) 6941.030 0.316 0.579 

I: ampratio I 0.007 0.351 0.559 

I: fp lamax 0.021 0.028 0.867 

I: entropy (std) 0.000 0.262 0.6 13 

E: pftrmean 2.283 0. 103 0.75 1 

Age-ciass * Number of elements 4.382 0.976 0.333 
context Call durat ion 0.190 0.982 0.33 1 

Duration of longest exha lation 0.009 1.031 0.320 

Duration of shortest inhalation 0.003 2.527 0. 124 

Duration of shortest exhalation 0.025 8.691 0.007 

E: duration 0.050 10.884 0.003 

Order of longest exhalation 7. 150 4.283 0.049 

I: peak freq (max) 85991.737 3.9 19 0.059 

I: ampratio I 0.063 3.06 1 0.092 

I: fp lamax 2. 19 1 2.92 1 0. 100 

I: entropy (std) 0.004 4.272 0.049 

E: pftnnean 127.229 5.749 0.024 

Sex * Number of elements 62.4 11 13.903 0.001 
age-class * Call duration 1.542 7.977 0.009 
context 

Durat ion of longest exha lat ion 0.023 2.629 0.1 17 

Duration of shortest inhalation 0.005 4.406 0.046 

Duration of shortest exhalation 0.00 1 0. 193 0.664 

E: duration 0.000 0.084 0.775 

Order of longest exhalat ion 13. 166 7.887 0.010 

I: peak freq (max) 23336.308 1.063 0.3 12 

I: amprat io I 0.049 2.359 0.137 

I: fp lamax 0.009 0.012 0.9 13 

I: entropy (std) 0.000 0.012 0.914 

E: pftrmean 57. 196 2.584 0. 120 

2 



 
 

 

Table S2: Effects of potentially confounding factors on the intensity of reaction of males to 

the playbacks of pant calls. 

Spearman's coefficient Exact p* N 
Speaker-subject distance 
Experiment I 0.233 0.348 18 
Experiment 2 0. 153 0.600 14 
Experiment 3 -0.353 0.258 12 
Volume of playback 
Experiment I 0. 185 0.457 18 
Experi ment 2 -0.024 0.943 14 
Experi ment 3 -0.453 0.140 12 
Order of a call in an experiment 
Experiment I 0.4 12 0.094 18 
Experiment 2 -0. 147 0.642 14 
Experiment 3 -0.1 73 0.6 13 12 

* Statistical analysis was performed using StatXact 7.0.0 (Cytel lnc., Cambridge, MA, USA). 

Table S3: Eigenvalues, explained variances and rotated loadings of behavioural measures on 

the first two factors of the PCAs in playback experiments 1, 2 and 3. 

Behavioural measures Experiment 1 Experiment 2 Experiment 3 
SWR calls in NWR calls in SWR calls in 

isolation isolation visual contact 
PC I PC2 PC I PC2 PC I PC2 

L vigi lance 0.829 0.373 
D vigilance -0.025 0.972 -0.592 -0.4 1 
L looking 0.867 -0.222 0.900 0.040 
D looking 0.955 0.0 11 
L turning body 0.955 0.002 0.815 0.226 
D turning body 0.957 0.092 
L approaching 0.805 0.399 0.2 17 0.844 
D approaching 
L call ing with contact call 0.405 0.843 
L marking the territor~ 0.693 0.0 11 -0.089 0.855 0.1 43 0.864 
Eigenvalue 2.79 1.1 5 2.35 1.62 2.23 1.65 
% Variance 55.85 23.08 47.03 32.38 44.57 33.04 

SWR = southern white rhinoceros, NWR = northern white rhinoceros, L = latency, 
D = duration. 

3 
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1. Úvod 
 

Všechny důležité projevy sociálního chování jsou zprostředkovávány 

komunikačními signály (McGregor a Peake 2000). Vokální komunikace je 

výhodná pro přenos informací na delší vzdálenost (Kondo a Watanabe 2009) 

a na rozdíl od olfaktorických signálů (Eisenberg a Kleiman 1972; Endler 

1993) je mnoho vokálních projevů přímo namířeno ke konkrétnímu příjemci, 

ačkoli může být vokalizace dostupná mnoha dalším jedincům díky 

odposlouchávání (McGregor a Peake 2000). Olfaktorické signály mají zase 

velkou výhodu v tom, že v prostředí přetrvávají po delší dobu i v absenci 

signalizujícího jedince (Eisenberg a Kleiman 1972).  

Vokální a olfaktorické signály různých druhů savců obsahují 

informace o identitě jedince (Linklater et al. 2013; Proops et al. 2009), jeho 

pohlaví, věku, velikosti (Charlton et al. 2009), druhu (Schneiderová a Policht 

2012), emočním stavu (Fichtel et al. 2001), sociální situaci (Tallet et al. 

2013), příbuznosti (Bates et al. 2008), fázi reprodukčního cyklu u samic 

(Swaisgood et al. 2000; Charlton et al. 2010), úrovni hladiny androgenů u 

samců (Charlton et al. 2011) a tyto signály hrají roli i při výběru partnera 

(Johansson a Jones 2007). Příjemci tak mohou tyto informace v signálech 

rozlišovat a rozhodovat se na základě chování, fyziologie nebo morfologie 

ostatních jedinců (Endler 1993).  

Mnoho druhů živočichů používá kontaktní hlasy k zachování 

soudržnosti skupiny a k oznámení identity jedince (Kondo a Watanabe 2009) 

a chemické složení pachových značek, jejich umístění, hustota výskytu 

v dané oblasti nebo čerstvost přispívají k posouzení signalizujícího jedince 

příjemcem ještě předtím, než se potkají (Gosling a Roberts 2001). Nosorožci 

mají výborný sluch a čich, ale jejich zrak je slabší (Penny 1987). Nosorožci 
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tuponosí a Cottonovi mají nejvíce rozvinuté sociální chování ze všech druhů 

nosorožců (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van 

Gyseghem 1984; Penny 1987) a dobře vyvinutý komunikační systém může 

být tedy pro ně zvláště důležitý. Oba druhy jsou blízce příbuzné a byly 

odlišeny teprve nedávno (Groves et al. 2010). Vokální signály také mohou 

sloužit jako prezygotický reprodukčně izolační mechanismus a omezit nebo 

zabránit křížení příbuzných druhů (Ryan a Kime 2003).  

Nosorožci tuponosí i Cottonovi se v zajetí velmi špatně rozmnožují 

(Hermes et al. 2005, 2006; Swaisgood et al. 2006) a jedním z důvodů může 

být změna jejich sociálního chování v zajetí a nedostatek sociálních podnětů 

(Lindemann 1982; Swaisgood et al. 2006; Metrione et al. 2007; Cinková a 

Bičík 2013). Behaviorální výzkum a znalost komunikace jsou velmi 

významné v ochraně a managementu živočichů a mohou pomoci nalézt a 

vyřešit problémy s jejich rozmnožováním v zajetí (Lindburg a Fitch-Snyder 

1994; Swaisgood et al. 2003; Campbell-Palmer a Rosell 2011). Komunikace 

nosorožců byla ale donedávna studována jen velmi málo a experimentální 

studie, které by zkoumaly, jestli nosorožci dokáží rozlišit informace ze svých 

hlasových a olfaktorických signálů, chyběly. 

 

2. Cíle práce 
 

Cílem mé práce bylo zjistit, jestli hlasy nosorožců kódují informace o 

vokalizujícím jedinci a jestli jsou volně žijící nosorožci schopni rozpoznat 

nějaké informace z vokálních a olfaktorických signálů. Mými studijními 

druhy byli nosorožec tuponosý a Cottonův, kteří jako jediní z nosorožců 

používají kontaktní hlas sípání (angl. pant), který se skládá ze série nádechů 

a výdechů (Owen-Smith 1973; Policht et al. 2008). Oba druhy se také 
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vyprazdňují na společných hnojištích a samci si značí své teritorium močí a 

trusem (Owen-Smith 1973; van Gyseghem 1984).   

 

3. Přehled výsledků 
 

Hlavní výsledky této práce jsou: 
 Kontaktní hlas sípání nosorožců tuponosých a Cottonových umožňuje 

identifikaci jedince i jeho druhu. 

 Kontaktní hlasy nosorožců tuponosých obsahují informace o pohlaví, 

věkové třídě a sociální situaci jedince. 

 Volně žijící samci nosorožců tuponosých rozpoznají pohlaví 

z kontaktního sípání jedinců vlastního druhu i nosorožců Cottonových. 

 Volně žijící samci nosorožců tuponosých jsou schopni rozpoznat některé 

rozdíly v kontaktním sípání vlastního druhu a nosorožců Cottonových. 

 Volně žijící nosorožci tuponosí poznají familiaritu a pohlaví jedinců 

vlastního druhu pouze na základě pachu jejich trusu. 

 

4. Abstrakty prací 
 

Cinková I., Policht R. (2014) Contact Calls of the Northern and Southern 

White Rhinoceros Allow for Individual and Species Identification. PLoS 

ONE 9 (6): e98475. (doi: 10.1371/journal.pone.0098475)  

 

Inter-individual relationships particularly in socially living mammals often 

require a well-developed communication system. Vocal and olfactory signals 

are the most important for the communication of rhinos, however, their vocal 
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communication has been investigated to a very limited extent so far. White 

rhinos have the most developed social system out of all the rhinoceros species 

and vocal signals might therefore play an important role in their social 

interactions. We recorded repetitive contact pant calls from six captive 

northern white rhinos (Ceratotherium cottoni) and 14 captive and free-

ranging southern white rhinos (Ceratotherium simum) and examined if they 

transmit information about individual identity, species, social context and age 

class. Discriminant analyses revealed that a high percentage of the pant calls 

of both species could be classified to a correct individual. We calculated 

signature information capacity of pant calls recorded from adult animals in 

isolation at 3.19 bits for the northern white rhinos and at 3.15 bits for the 

southern white rhinos, which can potentially allow for a vocal discrimination 

of nine individuals of both species. We found that pant calls varied by species. 

Northern white rhinos had longer calls and also differed from the southern 

white rhinos in several frequency parameters of their calls. We also analysed 

the pant calls of southern white rhinos for the differences between the age 

classes and between social contexts in which they were recorded. Our results 

show that pant calls carry information about individual, species, age class and 

context. The ability to recognize this information would allow rhinos, in 

addition to olfactory cues, to communicate with highly increased accuracy. 

A better understanding of communication of white rhinos has potential 

practical use in their management and conservation particularly because of 

the low breeding success of white rhinos in captivity.   
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Cinková I., Policht R. (2015) Discrimination of familiarity and sex from 

chemical cues in the dung by wild southern white rhinoceros. Animal 

Cognition 18: 385–392. (doi: 10.1007/s10071-014-0810-8)  

 

Communication in rhinos is primarily mediated by the vocal and olfactory 

signals as they have relatively poor eyesight. White rhinos are the most social 

of all the rhinoceros species, they defecate at common dungheaps and the 

adult bulls use dung and urine to mark their territory. Chemical 

communication may therefore be particularly important in the social 

interactions of white rhinos, and its knowledge could be very helpful in their 

management and conservation. However, no studies have investigated up 

until now the olfactory discrimination in any rhinoceros species in the wild. 

We have experimentally studied the reactions of the wild southern white 

rhinos (Ceratotherium simum) to the dung of familiar and unfamiliar adult 

females and adult territorial males. We registered the number of sniffing 

events, the duration of sniffing and the latency of the vigilance posture from 

the onset of sniffing. The dung of unfamiliar rhinos was sniffed longer than 

that of familiar rhinos. The rhinos showed a shorter latency of vigilance 

posture to the familiar dung of males than that of females. For unfamiliar 

dung, they displayed a shorter latency of vigilance posture to female than 

male dung. Our results indicate that the rhinos are able to discriminate the 

familiarity and sex of conspecifics from the smell of their dung. Olfactory 

cues could therefore play an important role in the social relationships and 

spatial organization of the southern white rhinoceros. 

 

Keywords Southern white rhinoceros, Ceratotherium simum, Olfactory 

discrimination, Communication, Dung, Familiarity 
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Cinková, I., Policht, R. (submitted) Sex and species recognition by wild 

male southern white rhinoceros using contact pant calls.  

 

Recognizing information from acoustic signals is crucial in many animals and 

individuals are under strong selection pressure to discriminate between the 

signals of conspecifics and closely related species. The role of 

communication signals in species recognition may be complicated. Here, we 

first report that rhinos use information encoded in their calls to assess 

conspecifics and individuals of closely related species. The southern 

(Ceratotherium simum) and critically endangered northern (C. cottoni) white 

rhinos are the most social out of all the rhinoceros species and use a unique 

contact call pant. We studied the structure of pant calls in southern white 

rhinos and found that certain temporal and frequency parameters carry 

information about sex, age-class and social situation of the caller. To test 

whether the rhinos attend to the sex and species differences in pant calls, we 

conducted playback experiments on wild territorial southern white rhinoceros 

males. Males recognized sex from the calls of conspecifics and responded 

more strongly to the calls of females than territorial males, which suggests 

that pant calls are more important in male-female than male-male 

communication. We also found that southern males discriminated between 

the female and male calls of northern species and reacted more intensively to 

the calls of northern than southern males, which could have been caused by 

a novelty effect as both species naturally live in allopatry and discrimination 

between them therefore cannot result from learning. Better understanding of 

vocal communication in white rhinos has potential management and 

conservation implications particularly because of their low reproduction in 

captivity.  
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Keywords Southern white rhinoceros, Northern white rhinoceros, Vocal 

communication, Vocalization, Sex recognition, Species recognition, 

Playback experiment 
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2009, 2010, 2014 Výzkum vokální komunikace nosorožce tuponosého a 
(3 měsíce)  Cottonova v zoologických zahradách. 

2011, 2012  Výzkum vokální a olfaktorické komunikace volně žijících 
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7. Summary 
Behavioural study of the captive and free-ranging southern and 
northern white rhinos with focus on their vocal communication 

Well-developed communication system can be particularly important in 
socially living species and allow for an establishment of a large network of 
social relationships. Mammals often use vocal and olfactory signals to obtain 
information about conspecifics. Vocalizations are mostly directed to concrete 
individual/s and can be used for communication over a long distance while 
olfactory signals are transmitted slowly, but can remain in the environment 
for a long time. Rhinos have an excellent sense of hearing and smelling, but 
their eyesight is poor. Vocal and olfactory signals are therefore very 
important in their social behaviour, but communication in rhinos has only 
been studied to a limited extent until recently and experimental studies from 
the wild have been missing. 
 This study describes for the first time the information encoded in the 
calls of rhinos and the ability of wild rhinos to recognize information from 
the vocal and olfactory signals. The southern (Ceratotherium simum) and 
critically endangered northern (C. cottoni) white rhinos have the most 
developed social system out of all the rhinoceros species, use contact pant 
calls and defecate at common dungheaps. Both species reproduce poorly in 
captivity and better knowledge of their communication could be very useful 
in their management and conservation.     
 The first aim of this study was to analyse contact calls of the 
southern and northern white rhinos to determine what information they 
encode. Discriminant function analyses revealed that contact calls allow for 
the identification of individual identity and the calculation of information 
capacity in calls showed that they contain sufficient information for the 
recognition of nine individuals in both species. Pant calls can also be assigned 
with a high probability to a correct species. The northern white rhinos have 
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longer calls and also differ from the southern species in several frequency 
parameters of their calls. The calls of the southern white rhinos also vary 
according to the sex, age-class and social situation of the caller.  
 Playback experiments and manipulations with dung were conducted 
to determine if rhinos are able to discriminate the information about other 
animals from their contact pant calls and dung. Wild territorial southern white 
rhinoceros bulls discriminated between the calls of adult male and female 
conspecifics and reacted significantly more intensively to the calls of females, 
which suggests that contact calls are more important for the communication 
between a male and a female than between two territorial males. Bulls also 
discriminated between the calls of both sexes of northern white rhinos and 
reacted more intensively to the calls of northern than southern males. This 
could be caused by a novelty effect as both species are allopatric and 
discrimination between them therefore cannot result from learning. 
Experiments with dung showed that wild southern white rhinos are able to 
discriminate familiarity and sex of conspecifics based only on the smell of 
their dung. The rhinos sniffed the dung of unfamiliar animals more than twice 
as long as the dung of familiar rhinos. The latency of vigilance posture was 
shorter in reaction to the dung of familiar than unfamiliar males and longer 
in reaction to the dung of familiar than unfamiliar females.  
 This study shows that the contact calls of southern and northern 
white rhinos encode a lot of information about a vocalizing animal and that 
the southern white rhinos use the information encoded in contact calls and 
dung to assess other individuals. These signals therefore play an important 
role in the social behaviour of rhinos. The intensive reactions of the animals 
to the playbacks and to the dung samples show that they stimulate their social 
and territorial behaviour. Manipulation of vocal and olfactory signals could 
therefore be used in the management and conservation of rhinos and improve 
the chance for their reproduction in captivity.        
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